Design of ancient Chinese character
recognition method based on Tesseract OCR
Design and Implementation

Abstract

With the development of science and technology, character recognition has become the most
frequently used technology in daily life, especially in libraries, newspapers and other places. In
order to save costs, a large number of text documents such as books, newspapers and magazines
should be stored in the form of electronic documents. With the help of constantly updated
electronic equipment products and technologies, OCR (optical character recognition) for books
and periodicals in the library, newspapers, magazines of newspapers or text saved in the form of
pictures has become an important link to realize intelligent input.lt not only improves the
efficiency, but also saves the cost. When using OCR technology for text information recognition, it
only needs to make the text carrier into picture form for storage, and then input it into the text
recognition system. With the development of the information age, the accurate and rapid
recognition of language fonts in various countries has become one of the important topics in the
field of computer science.Because OCR technology is used to recognize the text, the acquisition
of the original text image is that the text can be accurately recognized Identification is an
important factor. The most ideal image acquisition equipment is scanner, which can not only
ensure that the image has no background And it can also ensure the front imaging of the image.
However, scanners are not common in life. In most cases, mobile phones are used.Although it is
convenient for the camera to shoot text images, the image quality is relatively low, and some
problems will occur,Unpredictable problems, such as distortion caused by uneven light, image
blur caused by inaccurate camera focusing, etc. In order to solve these problems, the paper first
does a series of image preprocessing work, such as image binarization, sharpening and
enhancement Denoising, correction, etc. Image preprocessing process is an important factor to
ensure that characters are correctly recognized. At the same time, it is also an important
guarantee that common characters are covered comprehensively when training custom character
library.

Then it introduces the research and use of Tesseract engine source code. Through the research of
the source code, it further studies the principle and process of character recognition. This paper
studies how to train the user-defined character library and the optimization of the training
process, and realizes the character recognition system combined with the user-defined training
library.

Research on LSTM neural network recognition algorithm, including image feature extraction
based on CNN and semantic information extraction based on LSTM; Finally, the model structure
and test results are summarized. This paper designs the ancient Chinese character recognition
prototype based on Tesseract OCR, including system architecture, system function design, system
prototype implementation and function test. The test results show that the design of ancient



Chinese character recognition method based on Tesseract OCR can meet the actual needs in the
recognition scene.

Keywords: character recognition, Tesseract OCR, image preprocessing, image enhancement,
deep neural network



Chapter |

introduction

Research background and significance

This topic mainly studies and solves the problem of character recognition of ancient documents.
This problem requires a recognition model with strong generalization performance, because the
number of ancient documents is huge, the writing styles of literary works in different periods are
different, and an independent model can not be trained for each kind of documents. With the
passage of time, we will find that when ancient books and documents can be presented digitally,
it will be more convenient and accurate to read ancient books and paintings. The existence of
ancient Chinese character recognition system can make it easier for us to understand and process
ancient books and documents. The accurate positioning of characters in ancient books can also
greatly help us study ancient offerings.

The subject is to study the specific methods of ancient Chinese character recognition. In the
process of research, we find that there are some difficulties in building and expanding an ancient
Chinese character library. First, the image preprocessing algorithms (binarization algorithm,
image enhancement algorithm, and tilt correction algorithm) should be studied and applied.
Second, we should study and learn the theoretical knowledge of OCR technology, including how
to use Tesseract OCR engine and deep neural network CNN algorithm and LSTM algorithm.

research status

Scholars' research on image preprocessing mainly focuses on edge detection algorithm
technology, image segmentation algorithm technology, image enhancement algorithm
technology, boundary detection algorithm technology, feature extraction algorithm technology
and so on.

In the research of edge detection and image segmentation technology of image preprocessing,
many literatures mention that image preprocessing is an important part of medical image
processing. In traditional Chinese medicine, the surface growth of nails reflects the physiological
state of the human body. Nail diagnosis can effectively predict and prevent diseases. In nail
structure, semilunar and nail plate are important reference frames. The ratio of lunate bone to
nail plate reflects the health status of human body. Therefore, an image preprocessing method is
proposed to segment different parts of the nail: half moon area and nail plate area. In the data
with poor image quality, there may be unclear crescent teeth. In order to maintain the quality of
nail image, the nail image was captured by microscope. In the images taken under the
microscope, in addition to the crescent and nail plate, the free edge, transverse and longitudinal
lines of the nail can be clearly seen. More detailed display means an increase in the complexity of
image processing. Scholars have carried out a series of image preprocessing steps for the



separation of lunate and nail plate. The experimental results show that the effect is remarkable.
It can be used in medical diagnosis system, biometric authentication or other biometric fields. At
the same time, scholars proposed the segmentation technology of thyroid ultrasound image,
which uses the image segmentation algorithm and combines different image preprocessing
methods. Application in thyroid ultrasound image segmentation. The image segmentation
algorithms proposed by scholars include edge detection, region segmentation and edge free
active contour. The proposed image preprocessing methods include Butterworth low-pass filter,
Butterworth high pass enhancement filter and adaptive weighted median filter. In the
experiment, image preprocessing techniques such as image segmentation algorithm technology
are used to analyze thyroid ultrasound images, and the segmentation results are evaluated. The

evaluation results show that,

Image preprocessing techniques such as image segmentation algorithm technology can
successfully segment the thyroid region in thyroid ultrasound image. In addition, some scholars
have studied the algorithms of preprocessing image and restoring target contour in the range of
infrared image. A set of algorithms that can process infrared images are proposed. The original
data processing algorithms include: filtering and blurring the image; Identify the boundary of
temperature change; Definition of object boundary. This paper presents an algorithm block
diagram and its mathematical description. Image filtering and blur algorithm based on multi
criteria. The algorithm for obtaining the boundary of temperature change region is based on
threshold processing. The algorithm of finding the object boundary adopts the mathematical
method of finding the equidistant curve. Experimental results show the effectiveness of the
method.

Research on Tesseract technology and deep neural network at home and abroad

In the research of recognition based on Tesseract technology and neural network, scholars have
done a lot of related research. A system for identifying different invoices is designed, which solves
the limitation that the traditional method can only identify a certain invoice separately. The
author uses the automatic positioning algorithm in the image processing algorithm to locate and
recognize the text part and the item information in the invoice, and realizes the recognition of
different styles through the combination of Tesseract OCR and neural network algorithm The
recognition effect of invoices with different contents makes the invoice recognition scene
diversified and universal, and also lays a theoretical foundation for the application of the actual
scene. Some scholars have designed a verification code recognition system, proposed a
recognition method for text classification and recognition based on CNN (convolutional neural
network) and using simplified RPN to improve the performance of target detection neural
network (fast RCNN), and used Tesseract OCR to train the information prompt text, so as to
improve the performance of verification code recognition rate, Make its accuracy more than 70%.
Others have studied and proposed using dictionary model recognition algorithm and verification
code image segmentation recognition algorithm, using the self owned imagecaptcha () method
under captcha package to form the verification code required in AR website, and combined with
the framework of Tesseract OCR and tensorflow to realize the design optimization of
convolutional neural network algorithm for verification code recognition, In addition, scholars



also use CNN to train the verification code in the test library on a large scale to obtain the
required model, so that its accuracy is much higher than the traditional verification code
recognition algorithm, and the final recognition rate is nearly 100%.

research content

This paper mainly studies the design and implementation of ancient Chinese character
recognition methods. The technology studied in this paper is based on Tesseract OCR engine. It
mainly uses image preprocessing technology and methods based on CNN and LSTM neural
network to complete the recognition of ancient Chinese characters.

The main research contents of this paper are as follows:

Chapter 1 Introduction: this part mainly introduces the research significance of the design and
implementation of ancient Chinese character recognition method based on Tesseract OCR, then
introduces the relevant research on image preprocessing technology, Tesseract technology and
deep neural network technology at home and abroad, and finally summarizes the research
content of this paper.

Chapter 2 introduces the related technologies of Chinese character recognition: this part
introduces the related basic technologies involved in this paper, including image preprocessing
technology, Tesseract technology and deep neural network technology.

Chapter 3 is the design of ancient Chinese character image preprocessing and recognition
method: the basic image preprocessing methods binarization algorithm, image enhancement
algorithm and tilt correction algorithm are proposed, and it is verified that the image
preprocessing method can effectively eliminate image noise, retain the feature information of
recognition target and improve the operation speed of recognition. The recognition method of
ancient Chinese characters is trained and tested by using Tesseract OCR engine and CNN and
LSTM neural network algorithm.

Chapter 4 summary and Prospect: summarize this paper, summarize the work completed in this

paper, and put forward the improvement direction and prospect.

Chapter 5 summary and Prospect: summarize this paper, summarize the work completed in this
paper, and put forward the improvement direction and prospect.



chapter Il

the related technologies of Chinese character recognition

The purpose of optical character recognition system (OCR) is to change the image: first, all the
characters in the image can be changed into computer editable characters; Secondly, it can make
the paper image data easy to store, and the characters recognized by OCR can be used and
analyzed again; Finally, because the final output is the result, it must go through the operation of
image input, image preprocessing algorithm, character feature extraction, comparison and
recognition, and then correct the recognized wrong characters through manual modification.
Therefore, this can well save the cost of manual keyboard input. This section mainly describes the
basic technologies required for ancient Chinese character recognition, including image
preprocessing technology and Tesseract OCR And depth neural network.

2.1 image preprocessing technology

Image preprocessing technology is the most problematic step in optical character recognition
system (OCR). The first step is to separate different areas in the picture, including the format of
the arrangement, the outline in the text and the content of the main body. Ancient books are the
largest carrier of ancient Chinese characters,

When we scan ancient books into digital images through scanners, all kinds of problems will be
exposed. For example, the brightness distribution in the ancient book image is uneven, the
ancient book image is mixed with many impurities (insect spots, time marks, etc.), the ancient
book image is tilted during scanning and uploading, so we must preprocess the recognized text
image. Common preprocessing methods mainly include grayscale algorithm, binarization
algorithm, image enhancement algorithm, tilt correction algorithm and so on.

(1) Grayscale

The images obtained by scanning or photographing are R, G and B three channel color images.
The pixel level of each channel is 0-255, a total of 256 orders of magnitude. Graying is to turn the
three channel color image into a single channel image, that is, the brightness of 0-255 gradually

increases.

(a) Maximum value method: take the maximum value max (R, G, B) of the three channels R, G
and B as the gray value;

(b) Average value method: take the average value of R+G+B  the three channels as the
gray value 3
(c) Weighting method: take the result as the gray value, where, is the weight constant,There are

many versions of these three values. We can select the most appropriate version.



(2) Binarization

The processing of binarization algorithm can not only effectively reduce the image storage
memory, but also improve the running speed of the program. The essential principle of image
binarization algorithm processing is to compare the gray value of each pixel in the image with a
benchmark value. Those greater than this value are set as white, and those less than it are set as
black,The selection of this benchmark value is very important. If it is properly selected, a lot of
invalid information in the image can be deleted, but if it is not selected well, it will affect the
authenticity and effectiveness of the image.According to the different characteristics of the
image, different two valued algorithms are applied to deal with it. Common binarization
algorithms include Otsu method, maximum entropy method, iterative method and so on.

(3) Tilt correction

The methods of skew correction are roughly divided into manual correction and automatic
correction, but manual correction is time-consuming and laborious. When we take photos of
ancient books and upload them, the document image is often tilted for some inevitable reasons.
When the image is tilted, it is easy to reduce the subsequent image recognition rate and the
accuracy of image recognition content can not be effectively guaranteed, Therefore, in view of
this phenomenon, using automatic correction algorithm to realize tilt correction is a better choice.
The common automatic correction algorithms are projection algorithm, Hough transform
algorithm and so on. Among them, Hough transform algorithm is effective in tilt correction of
recognized image. Hough transform algorithm transforms the recognized image between its
space and Hough space. The algorithm transforms the image Hough transform algorithm
between the recognized image, its space and Hough space. The algorithm maps the rectangular
coordinate system of the image and the shape or straight line of the curve to Hough space (polar
coordinate) to form a peak point, The problem of text detection is transformed into the problem
of peak detection. In other words, on a line in the Cartesian coordinate system where the image
is located, the transformation of Hough space becomes a point, which is composed of the
intersection of multiple lines. The peak value to be detected is the number of intersecting lines at
the intersection point, and then the longest line is obtained, and its angle can be recorded, which
is called the tilt angle of the image to be rotated.

2.2 Tesseract Technology

Tesseract was invested and developed by HP lab in the mid-1980s, and was acquired by Windows
platform 11 years later. At the beginning of this century, HP disclosed the source code of
Tesseract, and Google maintained it in the later stage the following year. Before 2011, Tesseract
engine could not be Chinese characters, but after that year, it began to develop the Chinese
environment. At the beginning of this paper, at the end of October of the previous year, Tesseract
engine updated its version, and it began to support long-term and short-term memory neural
network (LSTM), so it also had the inspiration of this topic. Figure 2.1 shows Tesseract's
development in the past 30 years.
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Figure 2.1 main development process of Tesseract OCR

After 2018, Tesseract engine has a good recognition effect on Chinese, whether simplified or
traditional, but there are still many problems to be solved for the ancient Chinese characters
discussed in this paper. Due to the lack of word library, we can use the tool provided by Tesseract:
jtessboxeditor to train the ancient Chinese word library. When the word library continues to
expand and the ability to convert images into word sets continues to enhance, the recognition
accuracy of ancient Chinese will continue to improve, which is convenient for our practical
application in the future.

2.3 deep neural network technology

Long short term memory network (LSTM) is a kind of time cyclic neural network. It is designed to
solve the problems that cannot be solved by circular neural network (RNN). As shown in Figure
2.2, compared with the cyclic neural network with only one transmission state, the long-term and
short-term memory network has two transmission states.

xt Y‘ c -1 Ct
— Initial — R — LSTM — ht
htt state ht o gt

The first step in the long-term and short-term memory network is to determine what information
the unit needs to discard through the unit of the forgetting gate h, , and x, . The information
outputs a vector between 0-1, where the value of 0-1 indicates how many cell states are retained

or discarded ¢, ;. 0 means no retention, 1 means all retention. As shown in formula 2.1:



fﬁ = f-"'”rf"[hﬁq..-",] ~+ f)f)

The next step is to determine what information needs to be added to the cell state. The first is

through the input door operation, using h, ; and X, .Decide what information needs to be

updated, and then use gas through the tanh ht_l and X, . New candidate cells were obtained.

When the information to be added is determined, it will be updated to the cell, as shown in
formula 2.2:

it = U(VVz '[ht—l’xt]+bi)
C,=tanh(W, {h,_;.x,}+b,)

(2.2)

Then, the old cell information C,_1 is updated to the new cell information C, . The update

process is as described above. In order to obtain the new cell information Ct , the lost old cell

information is determined through the forgetting gate, and the information added to the
candidate cell is determined through the input gate. As shown in formula 2.3:

C=f+C +i*C, (2.3)

After the cell status update is completed, it needs to be updated according to the input h,_1 and

X, to judge the state characteristics of output cells. The judgment condition can be obtained

through the sigmoid layer called the output gate, and then the vector of the cell state between a
-1~1 value can be obtained in the tanh layer. Finally, in order to obtain the final output of the unit,
the vector can be multiplied by the judgment condition. As shown in formula 2.4:

Ot = U(VVo[ht—l’ Xt]+b())

(2.4)
h, =0, *tanh(C,)

In this paper, a more significant LSTM variant than other forms is used, which can combine the
input gate and the forgetting gate to form a new update gate. As shown in formula 2.5:
z,=o(W.-[h_,x])
r = G(VV; '[ht—l’xt])
~ (2.5)
h, =tanh(W -[r, - h,_,,x,])

ho=(1-z)%h_ +z,%h

The reset door is the front door, which determines how the new input information is combined
with the previous memory. The update gate is a back door, which defines the number of previous
memory saved to the current time step. This variant makes the original formula simple and
effective.

2.3.1 image feature extraction based on CNN



Convolution operation

Assuming that there is an image of 55, a convolution kernel of 33 is used for convolution to
obtain a 3 * 3 matrix, as shown below:

After an image matrix is convoluted by a convolution kernel, another matrix is obtained, which is
called feature map. Each convolution kernel can extract specific features. Different convolution
kernels extract different features. For example, now we input an image of a face, use one
convolution kernel to extract the features of the eyes, use another convolution kernel to extract
the features of the mouth, and so on. Feature mapping is the eigenvalue matrix of an image
obtained by convolution.

Feature extraction - "X" or "O"?

There is such a problem in CNN, that is, each time you give a picture, you need to judge whether
it contains "X" or "O". And suppose you have to choose between "X" and "O". Ideally, it would
look like this:

This is the problem that CNN has to solve.

As shown in the figure below, the pixel value "1" represents white and the pixel value "- 1"
represents black. For CNN, it is a piece of land to compare. The "small piece" it compares is called
features. Find some rough features at roughly the same position in the two images for matching,
and CNN can better see the similarity between the two images.

For the example of the letter "X", those features composed of diagonal and cross lines can
basically identify the important features of most "X".

The key for CNN to extract image features using convolution layer and pooling layer is that
convolution kernel represents the local features in the image. In reality, when using convolutional
neural network for multi classification target detection, the image composition is much more
complex than X and O above. We don't know which local feature is effective. Even if we select
local features, we will lose anti generalization because they are too specific. Taking the face as an
example, we use a convolution kernel to detect the eye position, but the eye size and state are
different for different people. If the convolution kernel is too specific and the convolution kernel



represents an open eye feature, if the eyes in an image are closed, it is likely that they will not be
detected. How can we deal with this problem, That is, how to determine the value of convolution
kernel?

This leads to the back propagation algorithm. What is back propagation? Take guessing numbers
as an example. B has a number card in his hand for a to guess. First, a will give a number at will,
and B will feed back to a whether it is large or small. Then, a will modify it and give a number
again, and B will feed back to a whether it is correct and the size relationship. After several
guesses and feedback, finally, we get the correct answer (of course, it is impossible to be 100%
correct in actual CNN, but it can only be the most possible correct.).

Therefore, back propagation is the process of comparing the predicted value with the real value,
and then going back to modify the network parameters. At first, we randomly initialize the
parameters of the convolution kernel, and then adaptively adjust the value of the convolution
kernel under the guidance of the error through the back propagation algorithm, so as to minimize
the error between the model predicted value and the real value.

Take a simple example. The green arrow represents the forward propagation, the red represents
the back propagation process, X and y are the weight parameters, | is the error, and the derivative
of L to X and Y represents the influence of the change of error L on X and Y. after obtaining the
partial derivative Delta (x), X * = X- 1 * Delta (x), where 10 Is the learning rate, so as to update
the weight.

Convolutional neural network CNN has strong ability of feature extraction and feature
representation, so its main work in the process of character recognition is feature information
extraction. Compared with the previous methods, the extraction method of convolutional neural
network uses the increased network depth and improves the activation function, so as to
improve the overall recognition rate. At the same time, compared with general character
recognition, handwritten character recognition has its own characteristics, that is, the characters
in handwritten character sequence are related to characters. Cyclic neural network can use the
relationship between sequences to predict the current character. Convolutional neural network is
generally composed of five convolution layers. The measure mentioned in this chapter is to add a
pool layer and an activation layer behind each convolution layer, and change its main structure to
three convolution layers. Finally, based on the last layer of convolutional neural network, the
feature dimension of the last layer is transformed to facilitate the calculation of long-term and
short-term memory network layer.

In this paper, the convolution kernel is initialized by the variance function, as shown in formula
2.6-2.7:
X, if x,>0

t (2.6)
bx,, if x,<0

M =21Vc/(1+a’) (2.7)



In the formula, the initial gradient value of the function is represented by character B, the size of
the convolution kernel is represented by character ¢, and the number of convolution kernels is
represented by character 1. When B = 0, the t function degenerates.

2.3.2 semantic information extraction based on LSTM

Information extraction is to structurally process the information contained in the text into a form
of organization like a table. Information extraction includes two key technologies: concept
extraction and relationship extraction. Relationship extraction is a triple formed by automatically
identifying a pair of concepts and the relationship between them. Relationship extraction plays a
great supporting role in massive data processing, semantic web construction, information
retrieval and other fields. At present, the mainstream relationship extraction methods include
traditional methods and deep learning methods. Compared with traditional methods, deep
learning methods can obtain more effective text features, and their accuracy and recall rate are
relatively high, Scholars at home and abroad have done a lot of research on deep learning
methods. Socher et al. Used recurrent neural net-

Works, RNN), which effectively considers the syntactic structure information of the sentence, but
does not consider the location information between the two entities. Zhang et al. Used the RNN
method based on text location information for relationship extraction. The continuous
superposition of input sequences by RNN in the new time state will cause the previous input
information to become more and more fuzzy, that is, there is a long-distance dependence
problem and can not be used

Consider context semantics effectively. CNN considers multiple n-gram features to some extent

It can alleviate the problem of long-distance dependence, but because the filter is generally not
too large, it can not solve the problem of long-distance dependence. In addition, RNN and CNN
do not consider the correlation between model input and output, resulting in low accuracy and
poor stability of relationship extraction. LSTM was developed by Hochreiter et al

An improved model of RNN is proposed, which constructs a special memory unit to store
historical information, so that each time state saves the previous input information, which can
effectively alleviate the long-distance dependence of RNN and CNN. The model has been applied
to the field of natural language and achieved good results. Sundermeyer et al. Proposed a
language model based on LSTM. Ren Zhizhi et al. Used LSTM for Chinese word segmentation and
introduced LSTM into sptree for relationship extraction, but LSTM did not consider the impact of
model input on output. Attention mechanism is a simulation proposed by Treisman and Gelade

The model of human brain attention mechanism, which can highlight the influence of a key input
on the output by calculating the attention probability distribution, has a good optimization effect
on the traditional model. Therefore, this paper proposes a text semantic relationship extraction
method based on attention mechanism LSTM (at_Istm), which aims to effectively solve the
problems of low accuracy and poor stability of relationship extraction with RNN and CNN.



Context information also plays a very important role in the recognition process, so it is necessary
to record the context information of text sequence A bidirectional recurrent neural network is
used, and the 64x32 vector extracted from the convolutional neural network is used as the input
data in the recurrent neural network.The structure of recurrent neural network introduced in this
chapter adopts a method that introduces three gate functions to record sequence context
information Long and short-term memory network unit.The other model is based on the
long-term and short-term memory network unit, which is composed of three gate functions:
input gate, forgetting gate and output gate Model.

(a) Determine the information you decide to give up. This decision is made through the

forgetting gate. First, you need to read that the current input is X, , the hidden outputis h,,

and the output of the previous state is h[_1 . Then calculate the values of these three doors, as

shown in formula 2.8-2.10:

i, =c(Wx,+Uh,_,+b,) (2.8)
f,=c(W,x,+U,h_, +b,) (2.9)
o,=c(Wx,+U h_ +b)) (2.10)

(b) Determine the information in the unit state, that is, the candidate value c¢; of the unit state,

as shown in formula 2.11:

¢ =tanh(W, + U h_, +b,) (2.11)

(c) Calculate the state value appearing in according to the previous tense and the current
candidate value, as shown in formula 2.12:

¢, =fic i ¢ (2.12)
(d) The function of the final output of the long-term and short-term memory network is the
bitwise multiplication of the output gate state and the current state, and the activation function

tank is added, as shown in formula 2.13:
h, = o, tanh(c,) (2.13)

This method uses a long-term and short-term memory network unit with an input length of 64
bit. After the bidirectional long-term and short-term memory network space is stored and

superimposed, it can output a vector with a length of 128.
2.4 summary of this chapter
This chapter introduces some related technologies used in this paper, including the basic

concepts of image preprocessing and Tesseract technology and the basic methods used in this
paper. Among them, the part of image preprocessing technology includes: research methods of



binarization technology, image segmentation technology and feature extraction technology; The
technical part of Tesseract includes: training character library to improve recognition accuracy,
image feature extraction based on CNN and semantic information extraction based on LSTM.

The third chapter is the design of ancient Chinese character image preprocessing and recognition
method

The color pictures of ancient Chinese characters captured by mobile phone are disturbed by the
external environment during shooting, and have the characteristics of uneven illumination, high
noise, unclear character characteristics and large amount of information. In order to improve the
accuracy of recognition, we need to preprocess the digital images of ancient Chinese characters
before character recognition. The image preprocessing algorithms mentioned in this chapter are
binarization algorithm, image enhancement algorithm and tilt correction algorithm. In this
chapter, we introduce the principles of these algorithms, and realize the preprocessing of ancient
Chinese character color pictures by MATLAB. Through experiments, we get the results that the
image preprocessing algorithm can effectively eliminate the image background noise, so as to
ensure the image quality

The characteristic information of the target is left. After preprocessing the ancient Chinese
character image and color image, the operation speed of recognition is also improved. So far,
most ancient documents that can be preserved are isolated. The paper of documents becomes
fragile and the pictures turn yellow and fade. Digital conversion of them can achieve the goal of
protecting documents to the greatest extent by reducing direct contact with the original. During
the implementation, we found that there were many difficulties in character recognition in
ancient documents, mainly including two points:

(1) There are differences in the background of different ancient documents. Ancient documents
include calligraphy, books, stone tablets, etc. there are significant differences in text background
noise of these documents. However, if each document trains a classifier corresponding to this
text, it is obviously unreasonable. Therefore, how to design a better text classifier with strong
generalization performance and ignoring different text background noise, Is a challenge.

(2) There are differences in writing methods and writing styles between different ancient
documents. There are many kinds of Chinese characters, and their development has a long
history. Chinese characters mainly come from the pictograms that record events. Therefore,
pictographs are the basis of the formation and development of the Chinese character system. As
shown in Figure 3.1, the final formation of Chinese characters has undergone a long and complex
evolution before finally forming the simplified Chinese used today. It is also a challenge to train a
lexicon that recognizes various writing methods and styles. Due to the small number of existing
documents in the early Chinese languages such as Oracle and bronze and the high background
noise, and considering the low practicability, this paper is not in the scope of our research. This
paper mainly studies Kaishu and Xingshu which are similar to modern Chinese characters.Then,



on the basis of Tesseract-OCR Open Source Engine version 4.1, CNN+LSTM neural network is
trained to recognize the ancient Chinese characters in ancient books images.

3.1 Binarization

Usually we see three kinds of images in our lives, including color, gray, and black and white
images. Color images are represented by color space models, such as the movies we see are
stitched together from color images of one frame. The more common color spaces are CMY
(three-base subtractive color mixing mode), HSV (saturation, hue and intensity mode), and RGB
(red, green, blue tri-primary color mode). The color images of ancient Chinese characters used in
this chapter are collected by Android devices in real time. Bitmap (32 bit bitmap) is used to
represent an image in Android system. The first 8 bits represent the transparency information of
the image, and the last 24 bits are used to store RGB model information. Ancient Chinese color
images contain a lot of color information data. Color data information has little influence on the
morphological features of the images. Therefore, grayscale processing will remove much
information from the images, leaving only the brightness which is a useful information for
computer recognition. The brightness of the new color synthesized is determined by the sum of
the sub-brightness of the primary color, and the hue is determined by its blending ratio. This kind
of processing can lay a good foundation for subsequent image segmentation. Each pixel in the
bitmap we are familiar with contains the middle red, green, blue colors and they are blended at

different scales.

There are four common image graying methods. First, the average method, as the name implies,
sums up the three component values of each pixel point in the image, then calculates their
average values, which are taken as the standard pixel values of the gray-scale image. Secondly,
the component method is to set any component of the image as the pixel value of the grayscale
image, so the information of the other two components will be lost, and these two components
may also represent the information of character characteristics, so they are not suitable for this
topic. Next is the weighted averaging method, which is based on the human visual characteristics.
The pixel values of grayscale images are defined as the three component values of each pixel
point in the image weighted averaging. Because it passes through the visual sensitivity stage, the
final image is very soft, which is much better than the previous two algorithms. Finally, the
maximum method defines the pixel value of the grayscale image of a pixel point as the maximum
value of the amount of three colors, red, yellow and blue, so that the resulting grayscale image
can have a higher brightness, and similar component methods can easily lose important feature

information.



(a)Original image (b)and grayed image

Figure 3.2 Image contrast before and after grayscale transformation
At present, many image recognition methods are generally based on binary image, which is a
relatively simple image with a pixel value of 0 or 1. When recognizing ancient Chinese text images,
it is very necessary to do the binarization algorithm again for the ancient Chinese text images.
The binarized images are essentially processed by thresholding the images. Usually, high-quality
binary images have two important features: continuous strokes and effective character feature
information. As shown in formula 3.1:
LG(x,y)2T

g(x, ) 0, (3.1)

others
Formula represents the pixel value of this binary image, the pixel value of the original image, and
the threshold value selected for the binarization of this image. Image binarization methods
include global and local threshold algorithm techniques. Generally speaking, the effect of local
threshold algorithm is relatively better, but because the design and implementation of its
program is very complex, it is not applicable to this paper, so on the basis of the experimental
results, the global threshold algorithm technology is chosen to apply. When testing, we found
that when the image is processed by global binarization algorithm technology, the success flag
will preserve some important feature information in the original image for the binarized image.

Figure 3.3 Frequency distribution of pixel values in gray-scale images of ancient Chinese text



In Figure 3.3, Feature A represents background information in ancient Chinese text images,
Feature B represents useful information in ancient Chinese text images, and image threshold T is
the best choice to effectively separate useful information of target features from useless
background information. By observing the frequency distribution of image pixel values, the
threshold can be determined quickly, but it is not suitable for the design and implementation of
the program. The global thresholds for gray-scale images are also determined by the maximum
inter-class variance (or Otsu method) and the iteration method. Iteration is not only a simple
design idea, but also an accurate global threshold, so this topic uses iteration to get the
threshold.

The steps to determine the is Value X using an iterative method are as follows: First, we will
process the brightness values in the grayed image and set the median of the brightness values to

the initial value X, ; In the second step, we use X, to segment the image to form two sets of
pixel values: when the brightness value > all the pixels of X, make up Y|, otherwise they
make up Y, ; The third step is to find the average brightness pixel values X, and X, in Y,

) X, +X,
and Y, : Step 4, generate a new news value based on the following formula: X =——=

Finally, repeat steps 2 through 4 until the difference of X in the continuous iteration is less than

the initial value of X, .
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(a) Pictures before binarization (b) Binary pictures

Figure 3.4 Image comparison before and after binary transformation



Using related tools and according to the principle of iteration, the program is designed to
complete the simulation experiment of image binarization. As shown in Figure 3.4, the two
pictures are enhanced and binary. Iterate the pixel points of the enhanced image, and get a
global smell X as the standard value. If the pixel value is > X, then the pixel value is = 255; If the
pixel value is less than X, then the pixel value is 1 255. Although there is still some noise in the
binary image, the feature information of the ancient Chinese characters in the image is mostly
preserved.

3.2 Image Enhancement

The algorithm technology of image enhancement is to enhance the effective information in the
image, enlarge and enhance some of the features of interest in the image, and suppress the
uninteresting features, so as to maintain reasonable overall target feature information. Image
enhancement algorithm technology is to enhance the effective information in the image. Some
very interesting features in the image are enlarged and enhanced, uninteresting features are
suppressed, and then reasonable overall target feature information is preserved and noise is
eliminated. However, the whole process is frame-dropping and unavoidable. More common
image enhancement methods are gray value stretch conversion (gray value linear stretch
conversion and gray value discrete system stretch conversion), bar adjustment, image sharpening,
image filtering, and color image enhancement. Image enhancement methods can also be divided
into routing enhancement methods and frequency domain enhancement methods. Route
enhancement immediately uses special vertices to traverse the gray level of the number of pixels
in the image. Frequency domain enhancement methods are similar to Fourier transform in data
signals, transform to frequency domain, and perform some type of solution for enhancement
purposes. One of the classic methods of gray transformation is the linear gray stretch
transformation. This method can improve a specific image and make the image clearer. However,
due to the linear function adjustment, the enhancement effect of this method is not obvious for
locally darker image areas. On the contrary, it is easy to overexpose in lighter image areas, so its
application scenario is limited.

This chapter refers to the optimization algorithm, calculation method and the simplicity of
hardware configuration as the basis of linear gray stretching, and puts forward the gray stretching
algorithm optimized by quadratic function to enhance the image. Through theoretical analysis
and software simulation, the image is more flexible than the linear gray stretching method and
histogram equalization method. More detailed adjustments, as shown in Figure 3.5, can achieve
better results.
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(a) Pictures before image enhancement (b) Pictures after image enhancement
Figure 3.5 Photo contrast of image enhancement transformation
3.2.1 Linear Grayscale Stretched Image Enhancement

Because the red, green and blue primary colors of the image are enhanced blindly, it is very likely
that image data will be lost. To avoid this and to improve the image effectively, the red, green and
blue primary colors can be converted into three vectors: R-Y (brightness signal), G-Y (chroma
signal), B-Y (chroma signal). In practice, only the brightness signal R-Y vector needs to be adjusted,
and then the adjusted R-Y vector and chroma signal vector formulas are transformed into red,
green, blue primary color images. To transform the R-Y component of an image, this paper
illustrates with pictures of r-yg-yb-y model data uint8, that is, the range of image gray values is
[16,235]. For linear stretch transformation, the gray values of the original image within [a, b] are
linearly mapped to [16, 235], so that the gray level can be stretched. As in Formula 3.2

_ 219[m(i, j) — x]

t(i, ) +16
y—x

m(i, j) €[x, y] (3.2)

i=12,..k

j=12..1

Where x and Y are the minimum and maximum brightness values in the image, respectively; The
size of the image is k x |; The gray value in the original recognition image is @ (i, j); T(i, j) is the
gray value after conversion according to the formula. The most common method in the linear
gray stretch transformation algorithm is to stretch the minimum brightness value to 16 and the
maximum brightness value to 234. Here the linear stretch method is a uniform linear



transformation for all the brightness values. By transforming in this way,Some parts of the image
do not achieve the desired improvement or even get worse. In addition, if the gray value range of
the original image to be recognized is [16, 234], then the linear gray stretch transformation
algorithm cannot improve the image.

3.2.2 Quadratic Function Image Enhancement

To overcome the shortage of linear gray stretch algorithm, an image enhancement algorithm
using quadratic function for gray stretch transformation is presented. As shown in Figure 3.6.

flx) 4

! B(b,d)

| c(Q,Q

Ala,c)

.

Figure 3.6 Gray stretch diagram of quadratic function

The selection of quadratic function has three cases as follows, which are illustrated here by the
quadratic function to the left of point C in Figure 3.6 above. C is the brightness adjustment
standard value corresponding to the minimum brightness value a in the image, and D is the
brightness standard corresponding to the maximum brightness value B in the image. When point
A is used as the vertex of the parabola to the left of point C, point C passes through point

Y, ,Y, as shown in formula 3.3:

Y, =0,(x-a)* +c (3.3)

The formula, % is the quadratic coefficient that the Y, analytic formula needs to solve.

Similarly, the Yz obtained by taking point B as the vertex of the parabolic Yz to the right of point C
passes through point C, as shown in formula 3.4:

Y, =a,(x-b) +d (3.4)

In the formula, +z is the quadratic coefficient that the Yz analytic formula needs to solve.
From the above two formulas, a complete gray stretch transformation function can be obtained,
as shown in formula 3.5:



a,(x—a)’ +c, a<x<Q
a,(x—b) +d, O<x<b
fx)=4"2 (3.5)
d, x=b
c, xX=a
When C and D select different values, they will get different adjustment curve functions.

Given that the coordinates of point A are ((a, c) and point B are ((b, d), the algorithm can be

simplified mathematically by making c=a, d=b, & =1/(Q-a) and @, =1/(b-Q). Thus, formula 3.5

can be rewritten as shown in formula 3.6:

a, X=a
e
M+a, a<x<Q
Q—a

S PO b
— <
P + b, ) <<
b, x=b

The standard value Q of image enhancement adjustment is an important variable in this
algorithm. Each gray value will be affected by the selection of different standard values, which
will result in different adjustment curves and affect the processing effect of the final image
enhancement algorithm. The algorithm below is based on different standard value selection
modes for different brightness images. The average brightness Y of the image is calculated first.
255
1= 1"
As shown in formula3.7: Y, ==——— (3.7)
mn

Formula 1=15,16,..., 234; X, represents the first level gray value; n,represents the number of

occurrences of first-level gray values. Then you can follow the average brightness Y, canal of

the image. To classify the brightness of the image as shown in formula 3.8:

Very dark, Y, €[N,,N,]

Darker Y, €[N,,N,]

normal Y, €[N,,N;] (3.8)
Lighter Y, €[N;,N,]

Very bright Y, €[N,,N;]

No~N5: is the gray value that divides the image into different brightness levels. Select modes
using different ICl values depending on the brightness level of the image.
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Figure 3.7 Diagram of different adjustment appendix points

When the average brightness canal Y, €[N,,N,] of the image is within the normal range of

Y
Form 3.8, the average brightness " of the image is set. The adjusted sniff value as image

enhancement, Q=17Y, . When the average brightness of the image is very dark, the skyline

Y, €[N,,N,), that is, for dim images, the adjusted smell Q can be adjusted as follows, as

shown in formula 3.9:

{Verydark,Q:Ythl =M,-Y,(0<M,<1) 59)

darker ,Q=Y,,=M,-Y,(0<M, <)
Where, Mo and M1 are the smell value adjustment coefficients of very dark image and darker

image respectively. As shown in Fig. 3.8, taking a very dark image as an example, the value Y,

less than the average brightness Y,, is used as the adjustment threshold. In this way, for the

dark image, compared with directly taking the average brightness of the image as the threshold,
the transformation function obtained by using the adjusted smell value can appropriately
improve the overall brightness of the image while enhancing the image, so as to achieve a better

improvement effect. In the same way, the brighter images can also be adjusted accordingly.

i)
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0
Fig. 3.8 adjustment diagram of very dark image stop value

3.3 tilt correction

Ideally, photos such as ancient books should be a regular rectangle. However, when shooting,
there is a certain angle deviation between the camera and ancient books, resulting in different
sizes, no specific laws and arbitrary angles. As shown in Figure 3.9, there are generally three
modes: horizontal tilt, vertical tilt and horizontal vertical tilt. According to the research of



scholars at home and abroad,

Figure 3.9 several forms of distortion

The commonly used image correction methods include angle detection algorithm, control point
transformation algorithm and Hough transform algorithm. Hough transform algorithm (first
proposed by P. v. Hough in 1959) is one of the basic methods of image preprocessing, and it is
also a more suitable algorithm compared with the other two algorithms. Hough transform
algorithm technology is very effective for linear digital image processing and detection. Its core is
to convert the detection of a coordinate point space of a line or curve into the detection of peak
points through formula algorithm, and then reduce the original overall feature detection
workload to only local feature detection, which greatly improves the work efficiency.

Hough transform algorithm is often used in line detection. It is assumed that there is an equation
in a plane g-xy, as shown in formula 3.10:

y=kx+t (3.10)
Where k is the slope and t is the intercept on the middle coordinate axis, so it corresponds to a
point ((k, t) in the straight line y = KX + T. in other words, for a given point (k, t) in the plane g-xy,
this is actually the principle of Hough transform. A straight line can be uniquely determined by
uniquely corresponding to the plane g-xy.

For any three points (x1, Y1), (X2, Y2), (X3, Y3) on the given line y = k0x+t0, and for two lines

in the plane g-xy corresponding to the two points (x1, Y1), (X2, Y2), as shown in formula 3.11:

temnkd g
b=
The intersection of these two lines can be calculated, such as the formula:
— ¥V
tl - yl JZ =k0
X =X,
XV, —X, P
t = 1Y~ N =1,
X=X

For two straight lines in plane g-xy corresponding to two points (x1, Y1), (X2, Y2), see formula :

The intersection of these two lines can be calculated, as shown in formula 3.14:



k, = A =k,
A — X

X, Vs — X
t, = 2 Vs~ %) =t,
N,

From this formula, it can be deduced that each point on y = KX + T corresponds to each straight
line in plane g-xy, which will intersect at a point (k, t). Because the slope of the straight line tends
to infinity, the normal can be used to represent the straight line. The polar coordinate is shown in

formula 3.15: P =xcosf+ ysinf

Where, the included angle between the normal of the straight line and the x-axis is represented

by 0 . The distance between the straight line and the origin of the coordinate system is

represented by [3 . Therefore, the point in the polar coordinate plane Q-xy and the straight line
in the rectangular plane g-xy have a relative relationship. The collinear point in the rectangular
plane g-xy intersects with the curve in the corresponding Q - € at one point, as shown in

Figure 3.10.

X

Figure 3.10 straight line in Hough transform straight line g-xy
Firstly, according to the fixed proportion, the Q- 6 plane is divided into many equal distance
spaces. Each small space can correspond to an accumulator with initial value = O. any small space
on the g-xy plane will get a curve corresponding to it in the g- @ plane according to the

principle described above. Just. If this curve can pass through this small space, its corresponding
accumulator will be + 1. After a lot of tests, it is found that if the image contains a straight line,
there should be a corresponding accumulator, and the local maximum value will appear. The
corresponding points of the curve passing through the same small space are almost collinear. As
long as the local maximum value is obtained, the parameter corresponding to the straight line
can be determined, and this parameter (k, t) is also the parameter of the straight line. Because
the ancient book picture to be recognized is a rectangle, the four straight lines can be determined
and the parameters can be determined through the straight line detection results in the Hough
transform algorithm, and then the coordinates of the four intersections can be calculated
according to the formula, so as to obtain the relevant parameters of the ancient book contour.

It can be seen from the previous part that the inclined ancient book image can be corrected by
the Hough line detection algorithm. However, in order to make the inclination correction
algorithm more accurate, the combination of perspective transformation and Hough
transformation algorithm is used to process the distorted image. The following part introduces
the perspective transformation algorithm, as shown in the perspective transformation space



mapping schematic diagram in Figure 3.11. Firstly, the four edges of the graph are detected by
Hough line detection, and their intersections are marked.

Figure 3.11 perspective transformation space mapping principle

Then, through the basic formula of perspective transformation in the secondary coordinate
system, as shown in formula 3.16:

x dpdpd; | U
Y= Gy lnty; | V
= g Aaytisy N/

Then convert the formula of the secondary coordinate system to the formula of the ordinary
coordinate system, as shown in follow formulas:
xX=da,l 7+ a,,V + a
Y=aytt+avtds,

Z=qay+ A,V +a,

e X _autagvta, kau+k,v+k,

z  ayutapvtay  kgutkv+l

v apttanvtay,  kutk,vtk,
y = = = == =

Z QU+, +dy by + ke, v+!

Convert to matrix form, as shown in formula :

e
= [ —_

el
t3
N_

uv1000-xx -yx

e
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000uvl -xy -vy

-..JR- Mau
= L

s
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Where UV is the pixel coordinate point where the distorted image is located, x’y' is the pixel

coordinate point of its front view, then k,, —k;, is the perspective transformation parameter

value, and the following formula can be obtained through transformation according to the above
two formulas. Assuming that the coordinates of the four corners of the input image are

(u,v)~(u,vy \(u3v5)~(u,v,) and the coordinates of the four corners of the output image are

(15 Y5, 75 )55, Y3 )N(X,, 4 ), the formula 3.20 can be obtained:



(u, v, 1 0 0 0 -xu -xv, __kn_
0 0 0 u v, 1 -yu -yv, k.,
u, v, 1.0 0 0 -x,u, -x,v, | &,
00 0 uy v, 1 -y,u, -5, [ ky | [X
u, v, 1 0 0 0 -xu, -x,v, | 4n - y
0 0 0 u,v, I -yu, -y,v, ky
u, v, 1 0 0 0 -x,u, -x,v, ks
0 0 0 u, v, 1 -yu, —y;v4_—k32—

From the above two formulas, we can draw a conclusion: if we know the coordinates of the

corresponding points before and after the four pairs of perspective transformation, we can
calculate the distortion parameter k;, ~ ks, , so as to obtain eight linear equations through the

above formula, and then calculate the relationship between before and after the transformation,
so as to restore the graph and realize the perspective transformation. The experimental results

obtained by simulation are shown in Figure 3.12:

Figure 3.12 comparison of tilt correction images

3.4 basic principle of Tesseract OCR

The image recognition of ancient Chinese characters is an important method designed in this
paper. Tesseract OCR proposed by HP in 1985 has been developed for many years. After Google
optimized and improved it in 2005, it has good recognition rate and stable adaptability, and is
widely used in the industry. Therefore, this paper uses Tesseract OCR engine for image
recognition of ancient Chinese characters. As a multilingual OCR engine, Tesseract supports the
recognition of more than 100 languages. In addition, it can also train to recognize its own
language library. In simplified Chinese, the bit error rate is only 3.77%. Its source code package
consists of libtesseract and Tesseract. Libtesseract is used to assume the role of OCR engine, and
Tesseract is a command-line program. It supports HTML, text and other output formats, and
provides API interfaces for Java and other languages. Because Tesseract's Chinese language packs
"chi_sim" and "chi_tra" have low recognition accuracy for Chinese handwritten fonts or pictures



with complex environment, it is necessary to conduct CNN + LSTM deep neural network training
with samples according to specific situations to improve the recognition rate. Through this

training, the required language library can also be formed.

3.4.1 introduction to engine architecture

The basic structure of Tesseract OCR is shown in Figure 3.13. Its function is mainly composed of
image layout analysis and character segmentation and recognition. After the input image with
recognition is analyzed through page layout and character block, the recognized character block
will be output, and then the character block will be analyzed to obtain text characters. Finally, the

text will be recognized:

(1) Layout analysis (connected area analysis): analyze the connected area of the input binary
image, analyze the vertical or horizontal text direction according to its text area, and rotate the
text with large direction difference to unify the text direction. At this stage, the contour line is

integrated into a block area.

(2) Detect text lines and characters: the text line detection algorithm will first search for smaller
blocks, and then detect the connected areas near them. If it is found that there is a connected
domain nearby in the retrieval, the contour will be redefined according to the size of the
connected domain. In the retrieval process, blocks without other connected domains will be
considered as noise and will be ignored. According to the variance of contour spacing at the
cutting points, the text is cut by dynamic programming algorithm. Because each Chinese
character has many parts, it is not easy to get correct detection, so the equidistant text is
segmented by equal spacing, and the non equidistant text is segmented by midline or datum line.

(3) Character recognition: the character to be recognized will be recognized twice. Each
character will be recognized for the first time, and the recognizable words will be sent to the
adaptive classifier as training data. The recognition operation during this period has the ability to
learn; The second recognition will recognize the words that are not accurately recognized for the
first time. It should be noted that some special methods can be called during this period identify
the fuzzy part, to obtain better recognition results, and finally output the recognized text.

3.4.2 text character recognition

Tesseract OCR text character recognition method is shown in Figure 3.14. It is generally divided
into five parts: character segmentation, character recognition, character feature classification,
word segmentation and retrieval and adaptive classifier:

Step 1: segment text characters:

(1) Assuming that the page layout analysis roughly determines the text area and text size, a

simple percentile height filter can filter out cross line characters and vertically bonded characters.
At the same time, it can calculate the median height of characters and adjust the proportion of



the set height, so as to filter out irrelevant blocks such as punctuation marks, variable notes and

noise;

(2) Then, by sorting the x-coordinates of the block area, the coordinate axis can be used to fit the
straight line in the figure. The fitting method is to use the minimum variance fitting method of
the median to further fit the shape of the text line;

(3) Finally, we can detect the equidistant text, segment the adhered text, and segment the non
equidistant font text by using the center line and datum line.

Step 2: character recognition.

The problem of adhesive character is the most important problem to be solved in the process of
character recognition. The character is recognized by segmenting the concave alternative
segmentation points. If it cannot be recognized, it is considered that the character is incomplete
and repaired. In addition, the a * algorithm can be used to search for the optimal character
matching the broken character.

Step 3: classify the characteristics of characters.

According to character features, we can usually use the principle of extension and complement,
or take polygons as character features, and treat broken and disconnected characters as invalid
characters. The characteristics of characters in Tesseract OCR training stage and recognition stage
can be different: polygons are used as character features in training stage, while the contour
features of characters are normalized in recognition stage, and then the prototypes in training set
are matched many to one

The Features Extracted From The Unknown is a three-dimensional data consisting of three parts:
character angle, x-coordinate and y-coordinate. Each character generally has nearly 100 feature
information. The Prototype Features, the character features in the training set, include
four-dimensional data of four parts: character angle, character length, x-coordinate, y-coordinate,
and generally have about 15 feature information.

The first stage, called class pruner, uses a method similar to LSH to reduce the character set to a
short list of 1-10 characters. The second stage is computes the distance, where similar characters
are subdivided by feature distances.

Step 4: Segmentation and search.

The weighted minimum distance algorithm is used to compare the segmented characters to the
vocabulary in the training set. Among them, the training set described contains not only

commonly used high frequency words, but also a character library of its own training.

Step 5: Adaptive classifier



The adaptive classifier is more sensitive to fonts and therefore has a stronger classification ability.
It is trained from the results of the static classifier, which overcomes the weak ability of the static
classifier to distinguish similar characters.

Compared with static classifiers, adaptive classifiers normalize the baseline and x-coordinates of
characters to distinguish between the size of characters and noise in addition to differences in
the training set. Static classifiers use normalization to determine the size of a character.

3.5 Model Structure and Test Results

This section compares two deep neural network word recognition models based on
Tesseract-OCR engine, the first is a separate CNN neural network model, the second is a
CNN+LSTM neural network, which is mainly composed of a cyclic network of feature diagrams for
image extraction and a long and short memory network for context extraction.

In this paper, two different deep neural network models are tested with the Tesseract-OCR
engine for regular scripts and line scripts. As shown in Table 3.1, when using CNN+LSTM deep

neural network model, both regular and line fonts are used.

Both have better accuracy and recall than using CNN deep neural network models alone.

regular script

Name Recall Rate accuracy rate training time test time
CNN 44% 53% 2h 0.6s
CNN+LSTM 73% 86% 23h 1.7s
running script
Name Recall Rate accuracy rate training time test time
CNN 42% 34% 2h 0.8s
CNN+LSTM 69% 65% 23h 2.1s

3.6Analysis of existing functions of itesseract

Tesseract open source framework has been widely used in character recognition under the
in-depth research of many developers

It has relatively complete functions. Its main functions are as follows:

1. Preprocess the image input by the user. Tessemct provides a variety of methods for image
preprocessing

Method, users can select different image preprocessing methods according to their API. Different
methods have great differences in the processing results of different types of images, so it is very




important to select an appropriate preprocessing method.

2. Document analysis of the preprocessed image. This function mainly uses image projection
technology to analyze the structure of the whole document. Tesseract provides a variety of
different document structure analysis methods, and

These methods are encapsulated into a unified API library to facilitate users. For example, for
scientific and technological documents, selecting the corresponding scientific and technological
document layout analysis in the API library according to the characteristics of scientific and
technological documents can effectively improve the accuracy of analysis results.

3. Train specific language sets. Tesseract framework can train language sets in specific fields,
making its character recognition more accurate when recognizing common characters in this field.
As described in Chapter 2

Tesseract introduces that Tesseract supports users to train specific language sets to improve
recognition accuracy for languages in different fields. This function is a very important part of
Tesseract engine.

4. Segment the characters of the preprocessed image file and extract the characters from each
line of text.

Tesseract provides different character segmentation methods, such as connected domain based
segmentation method and projection based segmentation method.

5. Recognize the segmented characters and output the results. The core of the recognition
module of Tesseract engine is a classifier. According to the result data obtained by the previous
modules, the characters are classified and recognized and the results are obtained.

It can be seen from the previous content that Tesseract has met the needs in character
recognition. In particular, Tesseract framework can train the characteristics of language set by
itself, train the language set specifically for the field of scientific and technological documents
containing mathematical formulas, and further improve the recognition accuracy of characters.
But in recognition Tesseract is not competent in mathematical formulas. There are two main
reasons. First, Tesseract's cutting ability for adhesive characters is not good, which directly leads
to the increase of subsequent recognition function tasks of the system. In formula recognition,
formula structures often have adhesive formula combinations, so the effect of directly using
Tesseract to cut the formula part is poor. It can be seen that Tesseract determines whether the
character appears as a whole according to the outline and block area of the character. However,
as a complex two-dimensional structure, the overall recognition result of the formula seriously
depends on the logical relationship of the formula, Such as the upper and lower structure of
fraction and the inner and outer structure of radical. If the independence of the formula is simply
distinguished according to the contour, the logical relationship of the formula will no longer exist,
which makes it very difficult for the later formula reorganization. Therefore, it is necessary to



expand the function of Tesseract system, so that it can increase the recognition function of
formula on the basis of original character recognition.

3.7 summary of this chapter

The basic image preprocessing methods proposed in this chapter are binarization algorithm,
image enhancement algorithm and tilt correction algorithm. Its basic principle is introduced. The
color pictures of ancient Chinese characters are preprocessed through relevant software tools. It
is verified that the image preprocessing method can effectively eliminate the image background
noise and retain the target feature information at the same time. After preprocessing the color
image of ancient character image, the operation speed in the recognition process is also greatly
improved. Then, the principle and recognition training process based on Tesseract OCR and deep
neural network are designed, and the CNN + LSTM algorithm model is established to train and

test the ancient book images.



Chapter IV
The implementation of ancient Chinese character recognition

system based on Tesseract OCR

Based on the third chapter, this chapter designs and implements an ancient Chinese character
recognition system based on Tesseract OCR. Firstly, this paper analyzes the actual requirements
of the system and gives an overall design scheme, then makes a detailed functional design of the
system according to the design scheme, then implements the UML modeling prototype of the
system, and finally tests the basic functions of the system.

4.1 system architecture design

The ancient Chinese character recognition system based on Tesseract OCR (CNN + LSTM)
designed in this paper mainly realizes the OCR character recognition system based on Tesseract
open source engine, studies the CNN + LSTM neural network recognition algorithm, and provides
the recognition function for ancient Chinese characters. The object recognized by the system is
the image containing ancient Chinese characters. After receiving the text image uploaded by the
user, the application layer will go through a series of image processing of the background system,
and then return the recognized text to the application layer for display to the user. Among them,
the background image processing function is the most important function designed by the
system, which is divided into image preprocessing module and character recognition module. The
image preprocessing module provides image preprocessing services for the images uploaded by
users. After preprocessing steps such as image binarization algorithm, image enhancement
algorithm and image tilt correction algorithm, the uploaded images can be more clearly
recognized by the character recognition module. In order to improve the accuracy of character
recognition, the system adopts a user-defined language training library and LSTM deep neural
network recognition algorithm

The method of character library expansion is used to continuously expand the training character
library, and the recognition range of character library is wider.

In the third chapter of this paper, the design of image preprocessing method is completed, and
the design of character recognition method is completed in the fourth chapter. According to the
above analysis, the overall architecture design of ancient Chinese character recognition system
based on Tesseract OCR is shown in Figure 4.2:

Application layer [ Image upload ] [ Imageprocessing] [Characterrecognition]

Preprocessing call Tesseract call
Interface layer . .
interface interface




Image

processing layer Image preprocessing module Character recognition module

Data storage .

layer Database service Document service
Figure 4.2

The architecture of the system can be divided into four parts: application layer, interface layer,

image processing layer and data storage layer.

(1) Application layer: it is responsible for realizing the function of interaction with users, realizing
the image upload function, image preprocessing function and character recognition function in
the image by receiving user requests, and then delivering the received requests to the lower layer
for processing. Finally, the lower layer returns the image processing results to the application

layer and displays them to users.

(2) Interface layer: it provides the application layer with the calling interface of image
preprocessing method and Tesseract character recognition method. The application layer
completes the functions of image preprocessing and character recognition by calling the
corresponding method interface, which reduces the coupling between the application layer and

the underlying processing module.

(3) Image processing layer: the image processing layer contains two core functional modules,
namely image preprocessing module and character recognition module. It is an important
embodiment of the ancient Chinese character recognition method based on Tesseract OCR
designed in this paper, and provides image processing services for the upper layer. The image
preprocessing module and character recognition module encapsulate the processing methods of
their respective modules. The image preprocessing module includes image binarization algorithm,
image enhancement algorithm and tilt correction algorithm. The character recognition module
encapsulates the ancient Chinese character library training method, character library expansion
method and CNN + LSTM deep neural network character recognition algorithm.

(4) Data storage layer: provide data storage services for the whole system, and persistently store
the recognized image and character recognition results according to the needs of users. Database
service provides storage services for structured data generated in the system, while file service
provides storage services for unstructured data such as pictures and texts generated in the



system.

4.2 system function design

According to the overall architecture design of the system in the previous section, the system
needs to complete the functions of image upload, image preprocessing and character recognition.
According to the actual application scenario of this subject, the system uses the method of
uploading or taking photos from the album based on the mobile terminal to obtain the image.
After receiving the uploaded image, the server will process the image. When the system
completes the processing flow of character recognition in the image, it will return the result
image after image recognition to the client interface, Display the results to users.

4.2.1 function design of image upload module

(1) Image acquisition function in the ancient Chinese character recognition system based on
Tesseract, the image acquisition mainly includes mobile phone photo album acquisition and
camera photography. In the process of using the client, the user uploads the image to be
recognized to the system application server through the above two methods. It should be noted
here that although a series of image preprocessing steps are provided in the system, the
environment and methods during image shooting will affect the accuracy of character
recognition to a certain extent. Therefore, users should ensure the clarity of the image to be
recognized as much as possible when uploading the image.

(2) Image data transmission function

The main function of image data transmission is to upload the image to be identified to the
background application server according to the image upload request of the client, waiting for
further image processing. Image data is transmitted in the form of byte stream in the network. In
order to ensure the data integrity in the process of image data transmission, the integrity of
image files will be verified in the process of image upload.

The detailed steps of image data transmission are as follows:
Step 1: the client first sends the local timestamp to the application server.

Step 2: the application server compares the received timestamp with its own time. If the time
difference is greater than the average transmission time per byte in the server's network
environment, it indicates that there is a time conflict between the client and the server, and
notifies the client that it needs to upload the image again.

Step 3: if the time between the client and the server does not conflict, notify the client to
calculate the image file verification value. After the client obtains the verification value of the
image file, it then sends it to the application server.



Step 4: after receiving the verification value, the application server notifies the client to send the
image file, and the client transmits the byte data of the image file to the application server.

Step 5: the application server converts the received data byte stream into an image file,
recalculates the verification value of the received image file, and then compares the verification
value transmitted by the client. If the comparison results of the check values are inconsistent, it
means that the data integrity of the image file has been damaged and the client needs to be
notified to upload the image again.

4.2.2 functional design of image preprocessing module

(1) Image binarization function

The images input into the system normally have part of the image background noise data, and
the image binarization algorithm function in this system can make the feature information in the
image more obvious. Image binarization sets a contrast threshold for the pixels in the image, then
compares each pixel with it, sets the gray level larger than the threshold to white, and sets the
gray level smaller than the threshold to black, that is, after the binarization algorithm, the gray
value of each pixel in the image is only 0 and 255, so that the image can only have black These
two values are white. Therefore, the threshold setting in the image binarization function
determines the effect of the binarization function. If the threshold setting is not appropriate, it
will achieve the opposite effect and reduce the effective features of the characters in the image.
Therefore, in order to achieve the effect of recognizing ancient Chinese characters, more
information in the image is removed and only the feature information of the characters in the
image is retained, The calculation method of decision threshold is the image in this system

Binary function is an important processing process.

(2) Image enhancement

Image enhancement refers to enhancing the information needed in the image according to the
needs, such as enhancing and amplifying the features of interest in the image to be recognized,
suppressing and weakening the features of interest in the image, so as to achieve the purpose of
retaining effective target feature information and removing background noise.

The image enhancement function in this system serves to select an appropriate image
enhancement algorithm. By selecting an efficient enhancement processing algorithm to
effectively remove the noise in the image to be recognized and highlight the characteristic
information of the text.

(3) Image tilt correction function

Image tilt correction refers to correcting the image taken or uploaded, and correcting the image



with angle deviation to a horizontal and vertical angle that is easy to identify through the image
tilt correction algorithm. The image skew correction function in this system serves to select an
appropriate image skew correction algorithm, and effectively remove and correct the text angle
in the image to be recognized by selecting an efficient skew correction processing algorithm.

4.2.3 functional design of character recognition module

(1) Information extraction of CNN + LSTM deep neural network algorithm

After the previous image upload and image preprocessing, the CNN + LSTM depth neural network
algorithm of the character recognition module can be called to extract the character information
in the image.

(2) Character recognition function

The character recognition method in Tesseract matches the text segmented from the image with
the text in the character library, so it also needs a character library that matches the content to
be recognized. The ancient Chinese character recognition method based on Tesseract OCR
studied in this paper mainly recognizes Chinese characters, so you only need to install the
downloaded Chinese character library in the specified directory.

(3) Character library training function

Tesseract can recognize most of the characters in the recognition image, but because the ancient
Chinese characters are complex, there are often recognition errors, resulting in the low
recognition accuracy of Tesseract's own character library, which is difficult to meet the needs of
the actual recognition scene. In order to improve the accuracy of Tesseract recognition, we can
train the character library we need to replace the original character library according to our own
needs, that is, by correcting the wrong words recognized in the system, regenerate the required
file character library and use it as the character library for recognition and matching. The training
flow chart of Tesseract language library is shown in Figure 4.5:



4.3 system prototype implementation and function test

Generate training Generate tr
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Figure 4.5 Tesseract language library training process

4.3.1 system prototype implementation

According to the previous two sections, the architecture and function design of the ancient
Chinese character recognition system based on Tesseract can be divided into image upload
module, image preprocessing module and character recognition module. The image upload
module is responsible for the acquisition of the image to be recognized and the transmission of
image data, the image preprocessing module is responsible for the binarization, image
enhancement and image tilt correction of the image, and the character recognition module is
responsible for the information extraction of CNN + LSTM deep neural network algorithm,
character recognition of Tesseract engine and the training of character library. The function
division between the three core modules and the interaction logic between the functions of each
module are clarified.

The ancient Chinese character recognition system based on Android platform first selects the
image to be recognized by opening the system camera or photo album of the mobile phone.
Selecting the preprocessing function will perform image preprocessing operations such as
binarization, image enhancement and tilt correction on the uploaded image. Selecting the
character recognition function will perform character recognition, Recognize the text contained in
the preprocessed image and feed back the results to the user.
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As shown in the figure, the picture after binarization, image enhancement and tilt correction
preprocessing will be displayed in the box. At this time, most of the noise is removed from the
picture.

Call the Tesseract engine of the character recognition module to recognize the text information in
the image.The recognized text will be displayed in the box. There is a "return to home" button
below to click when identifying the next picture.

Through the test of ancient Chinese character recognition system, from the recognition results of
pictures taken and pictures uploaded from local photo albums, it can be seen that the system
basically realizes the two basic functions of upload picture recognition and photo recognition,
and the Android software can also better display the recognition results. Through the recognition
test of 20 pictures of regular script and running script, and comparing the number of correctly
recognized characters with the total number of characters of each item, it is found that the
recognition rate of regular script is good and basically meets the needs. However, due to the
character style of running script, more character sets need to be expanded to improve the
recognition rate. At the same time, during the test, it is found that the test pictures are easy to
have inaccurate recognition in character recognition due to the influence of the photo light
environment and the ancient literature itself.

To sum up, the system described in this paper can basically realize the image recognition of
ancient Chinese characters when the character library is large enough.



Chapter V summary and Prospect

5.1 summary

Aiming at the application of ancient Chinese character recognition, this paper designs an ancient
Chinese character recognition system prototype based on Tesseract OCR. The system realizes the
image preprocessing and character recognition by uploading ancient Chinese characters through
photo album pictures or photos. The main work of this paper is as follows:

(1) This paper introduces the basic technologies involved in the system development, and studies
the relevant literature at home and abroad on image preprocessing technology, Tesseract
technology and CNN and LSTM deep neural network algorithm.

(2) According to the actual situation of ancient Chinese characters and pictures, the overall
design of image data storage system based on distributed cache is carried out, including demand
analysis, architecture design, function design and database design.

(3) According to the demand of Tesseract OCR recognition of ancient Chinese characters, the
current Chi is studied_ SIM and Chi_ Based on the comparison of various existing solutions, a
scheme of training specific font is proposed. The model structure and test are carried out through
LSTM neural network recognition algorithm. The usability and expansibility of the model are

analyzed by experiments.

(4) In this paper, the core functions of image upload module, image preprocessing module and
character recognition module are designed in detail. On the basis of clarifying the requirements,
the workflow, UML class relationship and timing interaction between objects are designed in
detail for each function, and the system is tested, including the deployment of each component
and the function test of each module in the test environment.

5.2 outlook

This paper has done some research on the field of ancient Chinese character recognition, but
there are still many parts that need to be further studied:

(1) Because ancient Chinese characters are handwritten fonts, they need a large number of
libraries for training, which is a great workload in the future. Therefore, the next step is to design
and develop an automatic training tool to enrich the font.

(2) Ancient Chinese characters and pictures usually have no punctuation marks. The broken
sentences after character recognition need a lot of data support.

(3) The application scenarios of ancient Chinese character recognition need to be further
designed. Personalized scenarios develop and produce personalized devices or build personalized



apps. For example, VR interactive devices are added to the calligraphy and painting exhibition hall
of the museum. Visitors hold VR devices to identify calligraphy cultural relics. The content of this
calligraphy can be immediately displayed in simplified Chinese. This VR device can also be used

Tell the relevant background and creation story of this calligraphy work at the same time;
Develop an app in the library scene, so that when readers are in the ancient book reading room,
they can automatically recognize and convert the ancient books they read into simplified Chinese
characters with mobile phones, improve the reading speed, and facilitate readers to consult
materials faster.
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