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ABSTRACT

Offline handwritten Chinese character recognition technology has important practical value in
the field of automatic machine entryomit, and is one of the research hotspots of intelligent
technology. In this paper, a handwritten Chinese character feature extraction method based on
dynamic system iteration is constructed by using chaos theory. Firstly, from the perspective of
system iteration, the Chinese character image is preprocessed to optimize the image information.
Secondly, the iterative matrix constructed by the auxiliary function is combined with the handwritten
Chinese character image dot matrix to avoid repetiton the discrete dynamic system, and the
approximate chaotic attractor is iteratively generated as the image feature. Then, the similarity of the
image is determined according to the size of the Pearson correlation coefficient. Finally, multiple
auxiliary functions with large differences are selected to generate multiple discrete chaotic dynamic
systems. The above operations are repeated, and the unrecognized image set is used as the next data
set to be identified. The experimental results show that the recognition algorithm has achieved good
recognition results on the HCL2000 Chinese character database.

Keywords: chaotic attractor;offline handwritten Chinese character recognition; dynamical system;
iteration;feature extraction.

1. Introduction

So far, offline handwritten Chinese character recognition research has important
theoretical significance and practical value in many fields,such as finance, government,
healthcare and education, such as office automation, test paper correction, signature scanning
recognition, insurance and card identification. Although some progress has been made by deep
learning and other methods™® it is valuable to conduct further study on handwritten Chinese
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characters because they characterized by a large number of classifications, many stylistic
differences, and many morphological similarities, which makes handwritten Chinese character
recognition extremely difficult. Currently, handwritten Chinese character recognition can be
divided into offline and online handwritten Chinese character recognition!”’. As shown in
Figure 1.

printed chinese
character recognition

Chinese Character Online Handwritten
Recognition Chinese Character
Recognition

Handwritten Chinese
Character Recognition

off-line handwritten
chinese character
recognition

Figure 1 Classification of Chinese Character Recognition

The Chinese character recognition method mainly extracts the structural features or
statistical features of the image to represent the image information. The structural features
include the analysis and extraction of the feature points, isolated points, strokes and whether
there are closed strokes!®). The statistical features include Gabor !, gradient *°! and directional
features. These two methods have their own advantages and disadvantages, but the practicality
is still lacking. In order to improve the shortcomings of traditional methods, classifier models
and artificial neural networks have also been proposed, such as improved quadratic
discriminant function™) ( MQDF ), support vector machine*? ( SVM ), and so on.

With the solution of the over-fitting problem of neural network training and the high
theoretical exploration value of deep learning in many fields, it has received extensive
attention. At present, deep learning models can achieve significantly better than traditional
methods in the field of handwritten Chinese character recognition are mainly based on
Convolutional Neural Network ( CNN ) and its various improved methods™. It is worth noting
that some methods now combine attention mechanisms with deep neural networks4*.

Although the research of deep learning in the field of Chinese character recognition has
obtained recognition rates far exceeding those of traditional methods, demonstrating the great
potential of deep learning!®!, many existing methods still have problems such as numerous
parameters, large arithmetic volume, large and relatively complex model architecture, large
required storage capacity, long training time, and high environmental requirements for
experiments*”,

It is noteworthy that some scholars have recently investigated the use of approximate
chaotic attractors of images as image features for image recognition. For example, literature!*®!
based on the existing methods, used Euler's method to iterate and employed the obtained
approximate attractors as image feature dots, and the recognition accuracy was 70.91% in
Yalefaces face database. Then by changing to spline interpolation to get the attractor data as
well as taking the mean value and grayscale automatic adjustment after obtaining the Radon
data of the same group of images, the original method image is too smooth and the sequence is
caught in the cycle point while other problems are improved, and the recognition accuracy
reaches 87.33%. Literature™ uses the discrete cosine transform basis function matrix as an
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auxiliary function to construct a dynamical system with video images and found that the
approximate attractor obtained can be used as a basis for video image segmentation. It was also
found that the original image can be reconstructed by using multiple DCT basis function
matrices to construct the dynamical system with the same image separately to generate multiple
approximate attractors. Literature™® proposes a chaos-based local descriptor for texture
recognition technique, which applies chaotic mapping to the three-dimensional representation
of an image, remaps the mapping results after each iteration into the image space, and
calculates the distribution of local descriptors to compose representative feature vectors, and
the results obtained confirm that chaos theory can be used for image recognition. Literature!?!!
studies and analyzes the diversity and oscillatory properties of the DCT basis function matrix,
and then constructed a dynamical system using multiple auxiliary functions with chunked face
images, which were synthesized together after obtaining multiple attractors through an iterative
algorithm for face image recognition. The method can be close to 100% recognition rate for
multiple generalized image libraries with each image participating in the training, and the
algorithm is simple and the time used for training and recognition is short. Yu et al., the authors
of the literaturel®1%?1 applied the iteration-based face recognition method to handwritten
Chinese character recognition, for example, in the literature??, a linear combination of cosine
function is used as an auxiliary function to construct a discrete dynamical system with the
image, and the iterative trajectory of the image is extracted as the feature matrix of the image to
carry out the research related to the recognition of Chinese characters. In view of the fact that
there are many differences between handwritten Chinese character images and face images, it
is proposed to solve the convergence problem of the system by adding beveled surfaces,
shifting superposition, and constructing font surfaces, among others.

Although the applications based on chaos theory are become more and more
widespread®2! there are relatively few explorations of the idea of pattern recognition?®2", so
there is still a lot of research space of the complete combination of iterative chaotic attractor
characterization of image features and image recognition?®’. We propose on the basis of
existing algorithms:

In an iterative manner, the matrix constructed by some new auxiliary functions is used to
construct a discrete dynamical system with the handwritten Chinese character image dot
matrix, and then the approximate attractor is obtained and used as the handwritten Chinese
character image feature matrix. Specifically:

(1) Improve the problem of system convergence due to the large flat area of the image by
cropping the edges, adjusting the gradient of the font pixel values, and other operations, and
increasing the number of iterations so that its feature matrix can describe the image information
more comprehensively.

(2) Select a number of auxiliary functions with strong differences used with the Chinese
character images for constructing the power system respectively, and use the image set that is
not recognized successfully each time for the next recognition of the to-be-operated dataset,
and recycle the recognition many times.

2. Iterative dynamical system construction and analysis
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In addition to symbolic functions, many other complex functions such as exponential,
trigonometric and hyperbolic functions can be used to construct chaotic systems®. Construct
the dynamical system shown in equation (1):

Z1 = f(u,v)
- @

Where, f(u, v)is the auxiliary function, g(u, v)is the grayscale image; Z,is the pixel point
value (grayscale value) of the image at point (u,v).

In this paper, we will use an iterative approach, that is, given the initial value of u, v, bring
it into the (1) equation for iteration, to get the iterative trajectory (Z,,Z,), record the point and
use Z,and Z,as the new values of u, v, respectively, and then substitute into the (1) equation,
you can get a new (Z;,Z,), and so on to repeat the above operation.

2.1 Selection of auxiliary functions

In order to obtain the image feature information as comprehensively as possible, a total of
five recognitions are carried out in this study, and the two-dimensional auxiliary functions with

large differences are chosen for each of the five times. As shown in equation (2).
(Z, =0.1x+ 0.9y
Z, = 0.4x + 0.6y
! Z3 = 0.9x + 0.1y )
l Ly =Xy
Zs = 0.5(x% +y?)

where 1 < x,y < 64. The three-dimensional images of the five functions in the range of
their defining domains are shown in Figure 2. The images of the functions projected on the X
and Y coordinate axes are shown in Figure 3.

2=0.1x+0.9y for x and y in [1,64] z=0.9x+0.1y for i 0. r in [1, = and y in [1,64]

Figure 2 3D images of auxiliary functions

Z=0.1x+0.9y Z=0.4x+0.6y Z=0.9x+0.1y Z=xy Z=0.5%(x x+y*y)

Figure 3 Plot of plane projection of auxiliary function
The five functions in the formula (2) are used to construct the dynamic system with the
handwritten Chinese character image, and the features are extracted iteratively. These five
functions have their own characteristics, and are all planes passing through the origin of the
coordinates, but the slopes ( partial derivatives ) are different, so when iterating, different
features of the image can be extracted ; they are all surfaces, the former is hyperboloid, and the
latter is spherical. When iterating, the feature points obtained are different. There are 5
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auxiliary functions, and the feature point sets obtained are different, which is exactly what is
needed for recognition.

2.2 Image Preprocessing

In the experimental process, it is found that: due to the handwritten Chinese character
image exists a large flat area as well as the pixel value is too concentrated and other problems,
which leads to the poor chaotic characteristics of the dynamical system, the system is easy to
converge, so when the initial value (u, v) is relatively small and the number of iterations is
high,when the sequence points obtained are less, and can not get a better sequence of iterative
trajectories. In order to avoid the system converging too quickly to the point that the number of
approximate attractor points is too small, some relevant processing is performed on the image
of Chinese characters to maximize the use of various image information, so that the feature
matrix (attractor) can more avoid repetition characterize the image, and also to facilitate the
subsequent operations on the image. The main steps include:

1. Crop the image

Through the loop, the white edges around the original image are partially intercepted, and
after cropping, the image is expanded to its original size (e.g., 64x64) and normalized with the
help of bilinear interpolation.

2. Black and white area gradient adjustment

Each image is traversed by rows and the black and white regions of the target image are
adjusted separately to adjust the continuous blank blocks as well as the pixel values of the
black portion to resemble a hill-like shape to improve the problem of overly flat pixel values of
the image. Firstly, the position information of the start point of the black part and the terminal
of the black part is recorded, and secondly, the pixel value of the white area is adjusted first,
and then the gradient value of the black part is adjusted.

(1) White part

Due to the singularity of the gray value of the blank area, the blank area with more than
three consecutive points is adjusted, i.e., the value of this part of the pixel point is uniformly
adjusted as a smooth rise from 0 to the middle, and then smoothly lowered to 0.

(2) Black part

On the basis of the processing of the white part, the value of the pixel point of the black
part is substituted into the sine trigonometric function, and the value obtained is used as the
new pixel value of the point.

Taking the first image of Figure 4 as an example, the pixel plane distribution map
obtained after the above operation is shown in Figure 4, and the pixel three-dimensional
distribution map is shown in Figure 5.

,Jhe original picture of the word 'ah _ White part of the processing map _ Black part of the processing map _ ~ Ah word full processing map

Example diagram
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Figure 4 Plan view of Chinese character pixel distribution

The original picture of the word "ah’ White part of the processing map Black part of the processing map Ah word full processing map

Figure 5 Three-dimensional map of the distribution of Chinese character pixels

Among them, the first image in Figure 4 is the cropped image, the second image is the
original pixel distribution map of the cropped image, the third image is the distribution map
obtained after processing the white part of the first image, the fourth image is the distribution
map after processing the black part of the first image, and the fifth image is the pixel
distribution map obtained after processing the whole (black + white) of the first image. Figure
5 is the three-dimensional distribution maps of the pixels corresponding to the second to the
fifth images in Figure 4.

The experimental results show that through the above operation, the number of iterations
and the number of iterative trajectory points are significantly increased, which effectively
improves the problem of fast convergence of the system iteration caused by the large area
flatness of the image, and then improves the efficiency of offline handwritten Chinese
character recognition.

2.3 Image feature point set extraction

Algorithm 1. Extract image feature point set
Input: matrix of offline handwritten Chinese character images
Output: Matrix of positional information for the start and end points of the black section

1. for x=0:63
for y=0:63
Al(x+1,y+1)=f(x,y); %f(x, y)is an auxiliary function
end
end

Maximum-minimum normalization of the A1 matrix yields the A2 matrix2;
2. yii=zeros(cl,64,64);
for jj=1:cl
for ii=1:c2
Read the handwritten Chinese character image;
Crop the edges and curvature adjustment to get the matrix H;
yi=zeros(c1,64,64);
for uj=1:2:64
for vj=1:2:64
u=uj;v=vj;
if u>0 && u<=64
if v>0 && v<=64
fori=1:2
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z1=A2(u,v);
z2=H(u,v);
u=z1;v=z2;
yi(ij.u,v)=1;
end
end
end
end
end
yii@j.:,)=yii, ) +yidisse);
end
end
3. Keep the points for which yii iterates more than K times and set their point
value to 1 and the rest to 0;
Three Chinese characters are randomly selected in the HCL2000 data set as an example,

and they are iterated using these five auxiliary functions to generate a comprehensive feature
point distribution map, as shown in Figure 6.

e o

Z=0.4x+0.6y Z=0.9x+0.1y Z=0.5(x*x+y"y)




69 A study on offline handwritten Chinese character recognition based on chaotic iteration

Figure 6 Distribution of feature points generated by the original handwritten Chinese
characters and different auxiliary functions

The nature of the auxiliary function affects the motion trajectory of the iteration of the
dynamical system and determines the final result of the chaotic dynamical system.

By observing the above images, we can easily see that for the same Chinese character,
there are obvious differences in the chaotic attractors generated by iterating different linear
functions as auxiliary functions. Because the gray values of the handwritten Chinese character
images are used as the column coordinates of the feature points (matrix) during the iteration,
and because their gray values are more when they are small, the white points of the feature
point matrix are mostly concentrated on the left side. Therefore, this method can be used to
characterize handwritten Chinese character image features and is suitable for offline
handwritten Chinese character recognition research.

3. algorithm design

Proven by experiments, it is proved through experiments that it is not very effective to
experiment directly by constructing the dynamical system with the function expression and
image function, but the effect will be improved a lot by using the iterative assignment of the
function expression and the iterative matrix obtained with the image to construct the dynamical
system. This method is used to construct the dynamical system. The specific algorithm is
shown below.

Algorithm 2. Handwritten Chinese Character Recognition Algorithm with a Single
Auxiliary Function
1. for x=0:63

for y=0:63
Al(x+1,y+1)=f(x,y); %f(x, y)is an auxiliary function

end
end
The Al matrix is normalized to produce the A2 matrix;
yii=zeros(c1,64,64);
2. %The training process
for jj=1:5 %number of written characters
forii=1:10  %number of people

Read the handwritten Chinese character image;
Crop the edges and curvature adjustment to get the matrix H;
%]terative generation of chaotic attractors
yi=zeros(c1,64,64);
for uj=1:2:64




W.B.Yu ,T.T. Ma/MJIPAS-(2) (1) 62-75

for vj=1:2:64
U=uj;v=vj;
if u>0 && u<=64
if v>0 && v<=64

fori=1:2
z1=A2(u,v);
z2=H(u,v);
u=z1,v=z2;
yi(ij,u,v)=1;
end
end
end
end
end
yii(ij,-,)=yiiQj,: ) +yidi,sg);

end
end
Filtering feature points in yii that match the condition (yii > k);
%The identification process
RaN=zeros(N1,N2,64,64);
for jjN=1:5 %number of written characters
for iiN=10:20 %number of people
Read the handwritten Chinese character image;
crop the edges and curvature adjustment to get the matrix HN;
%lterative generation of chaotic attractors
for ui=1:2:64
for vi=1:2:64
UN=ui;vN=vi;
if UN>0 && uUN<=64
if YN>0 && VN<=64
for iN=1:2
z1IN=A2(uN,vN);
z2N=HN(uN,VvN);

70
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UN=z1N;vN=z2N;
RaN(jjN,iiN,uN,vN)=1;
end
end
end
end
end
end
end

The identification is accomplished by calculating the correlation coefficients of the H
and HN matrices;

Algorithm 3. Comprehensive Recognition Algorithm with Multiple Auxiliary
Functions

1. for x=0:63
for y=0:63
All(x+1,y+1)=f(x,y); %f(x, y)is an auxiliary function
end
end
Training feature point set;
Extract the feature point set of the image to be recognized,

Calculate the correlation coefficient and store the number of the successfully
recognized image in the M1 matrix;

2. for x=0:63
for y=0:63
All(x+1,y+1)=f(x,y); %f(x,y)is an auxiliary function
end
end
Training feature point set;

Extract the feature point set of the remaining images to be recognized after
excluding the images that have been recognized successfully;

Calculate the correlation coefficient and store the number of successfully
recognized images in the M2 matrix;

Repeat the above steps, For example: the first auxiliary function using Z; = 0.1x +
0.9y; the second auxiliary function using Z, = 0.4x + 0.6y; the third auxiliary
function using  Z; = 0.9x + 0.1y; the fourth auxiliary function using Z, = xy;.The
fifth auxiliary function using Zs = 0.5(x? + y2).Among them,1 < x,y < 64.

Among them, algorithm 3 is based on algorithm 2, by changing the feature point set with
large difference generated by the iteration of the auxiliary function, and with the help of the
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difference complementarity between these lattices, the comprehensiveness of feature extraction
of the target image is improved as much as possible.

Pearson’s correlation coefficient is calculated by using corrected function in Matlab as a
way to discriminate the similarity between images. The number of successfully recognized
images is recorded and compared with the total number of samples to calculate the recognition
rate.

4. Experimental results and analysis

4.1.Experimental data

The dataset used in this experiment is the HCL2000 Chinese character database. The
image data of handwritten Chinese characters in this database are organized and stored in a
writer-oriented manner. The sampled data are 3755 level 1 Chinese characters of GB2312-80.
Each of them has a 512-byte file header to store the relevant information of the file. These
digital images are standardized into 64x64-sized dot matrix, and the dots are stored by bit and
compressed to 512 bytes during the storage process. The sample is shown in Figure 7 below.

M ¥ F &g mmaidig w8 s & KRR R KR
MH K e OB EGN R & A&
M HAD A ME LKA A R R A RM
ABHEEMEERY S EE NG RLAR K
A7 A = N WS S (E I B S L IR W - O N N

Figure 7 Sample HCL2000 dataset

4.2. Experimental results

This experiment uses MATLAB to realize the experimental simulation. The training and
to-be-recognized data parameters are changed several times to count the number of
recognitions and calculate the recognition rate. The specific experimental results are shown in
Table 1.

(1) Training: takes the first 20 Chinese characters written by the first N people for
training, and get the comprehensive feature matrix

Recognition: modify the number of people to be recognized several times, and recognize
the first 20 Chinese characters written by each person

(2) Training: takes the first N Chinese characters written by the first 10 people for
training, and get the comprehensive feature matrix

Recognition: modify the number of characters to be recognized several times, and
recognize the first N characters written by each person

(3) Training: take the first 20 Chinese characters written by the first N people for training,
and get the comprehensive feature matrix

Recognition: modify the number of people to be recognized several times, and recognize
the first 20 Chinese characters written by each person
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and get the comprehensive feature matrix

recognize the first N characters written by each person.

A study on offline handwritten Chinese character recognition based on chaotic iteration

Table 1 Experimental results

(4) Training: take the first N Chinese characters written by the first 20 people for training,

Recognition: modifies the number of people to be recognized several times, and

Sample data s?gﬂn;?ilss recognize Recc;g?;tion
1st-20th words for 11th-30th persons 400 353 88.25%
1st-20th words of 11th-50th persons 800 686 85.75%
1st-20th words of 11th-100th persons 1800 1516 84.22%
1)
Sample data S?Ztr;?ifs recognize ReC(;ggtion
1st-100th words for 11th-30th persons 2000 1253 62.65%
1st-150th words of 11th-30th persons 3000 1664 55.47%
1st-200th words of 11th-30th persons 4000 2072 51.80%
)
Sample data s?:tims[t)ilss recognize ReC(?g?;tion
1st-20th words for 21th-40th persons 400 355 88.75%
1st-20th words of 21th-60th persons 800 699 88.88%
1st-20th words of 21th-110th persons 1800 1588 88.22%
@)
Sample data s?gtrir']s riilss recognize Reccig?;tion
1st-100th words for 21th-40th persons 2000 1442 72.10%
1st-150th words of 21th-40th persons 3000 1961 65.37%
1st-200th words of 21th-40th persons 4000 2409 60.23%
(4)

5. Conclusions and outlook

In this paper, different auxiliary functions are used several times with offline handwritten
Chinese character images to construct a discrete dynamical system, and the chaotic attractors
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generated by iteration are used as image features in the field of offline handwritten Chinese
character image recognition, which can minimize the time of training and its arithmetic
volume, that leads final training to have better results The above analysis shows that the
algorithm is suitable for image recognition problems that the system iteration converges too
fast due to the excessive concentration of image pixel value distribution, such as black and
white Chinese characters, black and white English, etc.This method is also an expansion of
chaos theory for offline handwritten Chinese character recognition. However, since there is still
room to improve the recognition rate of the algorithm, it is necessary to continue to improve
the algorithm or expand the method to other research areas in the future.
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