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Abstract: The acquisition of writing skills is obtained by
observing and copying examples with specified styles
currently, these style-specified works are retrieval by its
labeled metadata, instead of by the content of the image.
This is because calligraphic artist describes calligraphy
style emotionally, and can’t translate into computer
language directly. Therefore, this paper proposes a
computational way for calligraphy style representation:
Firstly, hierarchical features are extracted from works,
individual characters and composed strokes to build
calligraphy style model and to classify different styles. The
style classification of 1000 single-word images and 1200-
page images is carried out respectively. Compared with
various style classification algorithms, the classification
effect has obvious advantages. The computational
calligraphy style representation and classification method
can help learners observe and know calligraphy works
better. It can also help to discover latent calligraphy group.
Keywords: Calligraphic style; Feature extraction; Style
recognition; Neural network; Standard font classification.

1.INTRODUCTION

Although the popularity of electronic equipment has
reduced the chance of handwritten characters in daily life
and production, the writing skills of characters are still
taught in primary and secondary schools all over the world.
Different nationalities and schools have different styles of
handwritten characters. The current screen can not only
display printed characters, but also display characters of
different fonts, even calligraphy characters of different
styles. However, there is still a lack of quantitative
expression of the specific features and internal relations
between these different styles of writing. The description
of writing style is still subjective and lacks objective
description. When learning writing skills, learners usually
observe and copy the selected Calligrapher's works
continuously. If the time of writing observation is long, it
will produce the feeling of "seeing the characters as the
face", that is, they can identify the works of the designated
calligraphers. This is because calligraphers of the same
school have similar brush writing habits, knot body
embodiment and layout habits. This paper simulates the
psychological process of human learning and appreciating
calligraphy, and expresses and classifies calligraphy styles.
In the field of image, the research on font style is increasing
in recent years, but most of them focus on hard pen
handwriting. Although the research objects of hard pen
handwriting and soft pen handwriting are different, there
are many similarities. A personalized handwritten font

generation system -- scfont [1] is proposed by Lian
Zhouhui research group. Users only need to input a small
number of handwritten characters to systematically learn
their own handwriting style and generate a large number of
personalized handwritten font databases.

The differences of individual styles are mainly reflected in
the change of stroke style, stroke layout, stroke width and
the connectivity of two consecutive strokes. On the basis
of the personalized handwritten font database, scfont
system generates personalized style works. In the
generated works, the same characters in different places
use the same character model in the font library, and the
same strokes in different characters use the same stroke
model. This does not work in calligraphy works, because
even if it is written by the same person, calligraphy should
not be identical and pursue change. The images of each
character in calligraphy works are different. For example,
there are 20 ‘Zhi’ in the 324-character preface to ‘Lanting’,
with different writing methods and each of them is
different. In other words, the style of calligraphy is not only
reflected in the characteristics of strokes, but also in the
composition and the whole character. But the expression of
hard pen handwriting style can be used for reference in this
system. In terms of soft brush calligraphy style, Zhuang
Yueting's research group proposed the late style model to
explore the writing style of calligraphy works [2]. They use
the 32 dimensional character texture features extracted by
Gabor filter to define writing style, express the extracted
calligraphy style as a polynomial probability distribution
of visual words, and then use polynomial fitting
approximation function to construct potential style model;
finally, calculate the contribution value of visual words to
the expression of calligraphy style, and complete the
classification of calligraphy style with the help of style
similarity of visual words. Zhang Yi et al. Extracted three
types of features: location feature, region feature and
projection feature to establish global feature descriptor for
calligraphy style recognition [3]. The position feature
focuses on the balance of the whole character, the
proportion feature highlights the relationship between the
stroke distribution and stroke, and the projection feature
represents the balance between the horizontal direction and
the vertical direction. These three types of features take
into account the similarities within the same type of fonts
and the differences between different types of fonts, but
they are all overall features, and stroke features are not
considered. Zhang Fucheng et al. Proposed an algorithm
based on convolutional neural network, which integrates
the two processes of feature extraction and classification
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recognition to automatically extract style features and
classify them [4].The model can identify four types of
regular script style calligraphers (Yan Zhenqing, Liu
Gongquan, Ouyang Xun, Zhao Mengfu) and achieve good
classification results. Although the characters are different,
there are still some similarities in the research of font style
at home and abroad. For the study of Latin, turialba uses
handwriting features and calligraphy features to identify
handwriting, and introduces five single character level
features and seven letter level features to represent the
writing style of characters [5]. Among them, the letter
distance and the change of letter size in a word are single
character level features, which are similar to those of the
style of calligraphy. In the field of English, srihari
establishes a model to study handwriting. It combines
global features and local features to determine whether the
two types of handwriting are written by one person. In the
above studies, researchers only select a certain aspect in
the style expression, and do not comprehensively combine
the overall characteristics and local features for style
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representation.

In this paper, a novel classification method of calligraphy
style features is proposed, which represents the calligraphy
style from the three levels of composition, whole character
and stroke. From the calligraphy page image to obtain the
composition features, from the single character image to
extract the structure feature, from the single character
image to extract the stroke feature, construct the style
model, and classify the calligraphy style.

2. SYSTEM ARCHITECTURE

The framework of calligraphy style expression and
classification proposed in this paper is shown in Fig. 1.

1) Expression of style features: extract the stroke, knot and
structure of the data source image, construct the model, and
train to get the regular script style classification model.

2) Style Classification: according to the calligraphy image
input by users, the features of stroke, knot and structure are
also extracted, and the classification results are fed back to
users by using the calligraphy style classification model.

(mm o Output Classification | probability ‘ Stroke
== results \ characteristics

\
\
| \
‘ Input
\
\
\

‘ Characteristics
‘ of nodal body

\
\
Style features \
Match and score }
\
\
\

feature extraction
{Calligraphy pa \1} e ex o class
Characteristics
‘ of organization
g
L T T T &
- - ___ Yy ___
matching feedback
P 0
| 5
| [
[ orgimat mage |——————— : Style model
Y
’ '
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L T .
r— 7 — — — — — - — — — — — — — — — 1
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} image image structure }
\ \
.- - - _ - ________________ |

Fig. 1 calligraphy style expression and classification framework

3.EXPRESSION OF CALLIGRAPHY STYLE

In this paper, we use the layered method to express it from
the stroke level, the knot level and the composition level.
The style of Stroke layer mainly refers to the change of
strokes when writing, the style of knot layer mainly refers
to the characteristics of calligraphy on single characters,
and the style of composition layer refers to the layout of
characters in the page.

3.1 STROKE LAYER STYLE

The main character of calligraphy is the basic character of
calligraphy. The characteristics of stroke level in this paper
can be divided into two levels: the first layer is the basic
trend of strokes, and the second layer is the ending situation
under the basic trend.

3.1.1 STROKE EXTRACTION

ACADEMIC PUBLISHING HOUSE

Stroke trend is an important style feature. In this paper, the
direction chain code is used to express the stroke trend, as
shown in Figure 2. P in Figure 2 (b) is the current pixel.

2
3 1 3 2 1
4 P 0
4 0
5 6 7
5 6 7

Fig. 2 eight neighborhood directional coding

Stroke is the basic element of a single character and carries
the most important style information. First, the calligraphy
page image is segmented to get the single character, and



International Journal of Computational and Engineering

then the stroke is extracted from the single character. The
single character image is obtained by segmenting the page
image as shown in Fig. 3 (a) by using the word gap, and
then the single word image is binarized by Otsu method to
obtain the single word as shown in Fig. 3 (b). Then, Zhang
Suen thinning algorithm is used to obtain the stroke
skeleton as shown in Fig. 3 (c). According to the skeleton
(3) and [7], we extract the stroke width based on the
skeleton.

% R
HH N
R g 78

7%. #8 74

Original image (b) single character binary image (c)
skeleton image (d) stroke with width

Fig. 3 Sketch of stroke extraction

3.1.2 STROKE STYLE EXPRESSION

From thick to thin, the expression of strokes can be divided
into two levels: the first layer is the basic movement trend
of strokes, generally speaking, it is any of the horizontal,
vertical, skimming and pressing; the second is the way of
finishing strokes, such as whether there is a hook at the end
of the horizontal strokes to form a "horizontal hook".

One level stroke classification
Suppose that single stroke

snake=aa,..a .
P and are recorded as stroke

category calculation formula, and the formula is defined as
formula(1):
Type(snake,) = {arg max count[n]} mod 4 @)

skeleton chain codes
Type(snake)

Where DPe=0213 " The main trends of strokes

correspond to horizontal, vertical, skimming and pressing
strokes, as shown in Table 1.
Table 1 stroke chain code display

Type Chain code

transverse 00012000001000123
vertical 222222221222232222222
Skim 111121212151115112111
Restrain 66767767677777771777777

Two layer stroke classification

The first layer of strokes is the main stroke, which direction
accounts for a high proportion is determined as that
direction. In fact, different ending treatments under the
same main stroke will present different states. For example,
the vertical hook in Figure 3 (c¢) is determined as vertical
according to the definition of formula (2), but it is actually
called "vertical hook". Therefore, on the basis of one layer
strokes, two layers of strokes are divided according to the
ending. In a layer of strokes, the vertical hook and the
vertical pen belong to the same category. The difference is
that the appearance of the "hook" at the end of the chain

3

code will affect the proportion of 2 and 6 codes in the
direction coding. Similarly, "horizontal hook" also has a
similar situation. The horizontal pen purity and vertical pen
purity are used to distinguish the horizontal hook and the
horizontal pen, and the vertical hook and vertical pen are
defined as formula(2):
count[0]+ count[4]
H, iy = 2)
length

_ count[2]+ count[ 6]

ratio —

length

3.1.3 STROKE FEATURE EXPRESSION

The same school of calligraphy, because of long-term
copying, has the same writing habits. According to the
characteristics of calligraphy writing, the style features are
extracted from three levels of strokes, knot style and
composition

Pen width change

The change information of stroke width is an important
feature of style classification. The minimum bounding area

of strokes is used to calculate the width of the M skeleton
wid
point. Taking the current point Pu as the center, draw a

line every2°to get 180 pairs of intersection points, and
select the combination with the shortest distance is defined
as formula(3)
d,=min|p, p,,l,n=12,..,180 (3)
Slope shift

The slope can show the trend characteristics of strokes. The
slope k is defined as the coordinate of the straight line

connecting the starting point coordinate (%2 and the

ending point coordinate (X)) is defined as formula(4).
oLl )
xe - xS
Relative disturbance degree
The relative disturbance degree of strokes [8] can show the
characteristics of starting and receiving strokes, which is a
stroke morphological feature. The relative disturbance
degree is defined as the area formed by the line connected
with the skeleton stroke starting point.
The calculation of the disturbance area is equivalent to
calculating the number of pixels in the disturbed area area
area, that is, we can replace the disturbance area by
calculating the distance from each point on the skeleton to
the straight line. The formula is defined as formula(5):

’ Z|Ax +By,+C| (5)
var m
A=Y, -y, B=x, 2, ,C = Xy, X, Y,

where

N is the number of skeleton points, and (x;,Y;) is the

coordinate of point i. (x,y,y,.s)’ (XY ) is the coordinates
of the starting point and the ending point of the skeleton
stroke.

Stroke entropy

Different styles of similar strokes have similar shapes, but
due to the different writing habits of calligraphers, the
twisting degree of strokes is different. In this paper, stroke
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entropy is used to characterize the degree of stroke
distortion. Through the relative chain code of skeleton
strokes, the calculation process is defined as formula(6).

E= —Z sd[i]xlog(sd[i]) (6)

_ count{code[ j]==i

sd[i]

length

Where, length is the length of the skeleton stroke relative
to the chain code, and code[j] is the coding value of the j
position of the chain code.

The characteristics of horizontal strokes

Each calligrapher has different starting and finishing
strokes. For example, the horizontal pen of Yan style tilts
45 ° at the beginning and droops downward when the pen
is closed, and the Liuti pen starts vertically, but there is no
obvious downward trend.

After extracting the long horizontal strokes, the first 1 / 5
and the last 1 / 5 of the skeleton stroke chain code are
selected to calculate the ratio of 2 and 7, is defined as
formula(7).

_ count[2]+ count[7]
type

7
%length 2

Stroke thickness ratio

As typical strokes, horizontal and vertical strokes contain
Calligraphers' strong personal writing style. For example,
the horizontal and vertical strokes of the face are relatively
thick, but the willow style is not obvious. Let m and n be
the number of horizontal strokes and vertical strokes
respectively. The thickness ratio of horizontal and vertical
strokes is defined as formula(8):

1 m
o ®)

1 n
» z Wi
n‘s

3.2 WHOLE WORD LAYER STYLE

The character level feature is knot feature, which is the
structural form of font, that is, the stippling arrangement in
each character. The same strokes and different knot style
calligraphy characters have different styles. For example,
the facial style is relatively fat, the European style is thin
and long, and the Zhao style is broad and graceful. These
descriptions are the characteristics of the calligraphy style.
In this paper, from the following characteristics of
calligraphy character knot body characteristics are
characterized.

3.2.1 KNOT SHAPE

The knot shape is defined as the height width ratio of
calligraphy characters and formula(9)

R=2
w

Among h and w are the height and width of calligraphy
characters.

3.2.2 CENTER OF GRAVITY POSITION

The center of gravity of calligraphy is not in the center of
the smallest bounding box, as shown in Figure 8. Due to
the different writing habits of each calligrapher, the center
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of gravity of calligraphy characters deviates in a certain
direction, and there is a certain regularity in the deviation.
Otherwise, the characters formed by the combination will
have a sense of "staggering". Assuming that the image

function of calligraphy character is f(xy) , the center of

gravity @ =) of calligraphy character is defined as
formula(10):

c_m, —_my
X=—"y=—" (10)
My, My,
wol hl
m,, =% x"y f(x,)
x=0 y=0
Where The center of gravity of
Fry) = {1, (x,y) is the former scenic spot
0, (x,y) is the background point becomes
G= (%)
w h

after normalization.

3.2.3 CHANGE OF PEN SPEED

Different Calligraphers' writing habits vary in the speed of
moving the brush, which is reflected in the image: the
longer the brush stays at a point, the thicker the stroke will
be. Therefore, when the brush is moved at a calm and
uniform speed, the thickness of the stroke is uniform; when
the mood fluctuates, the speed of the uniform speed varies
greatly, and the thickness of the stroke changes greatly, and

even appears to be white in extreme cases. Let Jrss and

f ystress

! be the variation characteristics of pen pressure on

the x-axis and y-axis, and St and St be the inclination
degree of the characters on the x-axis and y-axis to
represent the change of the stroke force. To simplify the
representation, the second-order center distance is defined
as formula(11)\(12).

w-1 h-1 _ _ (1 1)
m n
U, =2 D (x=)" (y=2)" f(x,)
x=0 y=0
. Uy
fxstress - + _
Uy s 12
. (12)
f __ Uy
ystress u03+ + u03—
N
u
Foamge = —22—
xangle u21+ +u2]
7 _ ”12+
vone Uy g,

Among them, u30+\u30- are the ink points respectively,
and are divided into two parts with the center of gravity of
X axis as the boundary, and the rest are the same.

3.3 COMPOSITON STYLE

Composition refers to the overall layout of the page. The
space between words and lines is harmonious, which gives
people a stable and solemn visual effect.

3.3.1 PROMOTING QI

In calligraphy, Xingqi is expressed as the momentum
between lines in a pair of calligraphy. Focusing on the
layout of separated lines, it can be expressed as the swing
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degree of calligraphy characters deviated from the center
line. Taking the vertical line Qi as an example, taking the
abscissa of the center of gravity of the first character as the
measurement standard, the starting abscissa of the rest of
the calligraphy characters are on the same line with the
abscissa of the first character, so the deviation degree of the
other calligraphy characters is defined as formula(13):

H 1
Z' x,—X |
i=1

= W I
ZU’./_Y |
=1

W and H are the number of horizontal and vertical
calligraphy characters on the page image.

3.3.2 WORD SPACING

In terms of layout, the spacing between characters and lines,
lines and lines tends to be even, but not equal. Each
calligrapher does not deal with the blank space between

(13)
Lw

5

words and lines in writing. We can define the character
spacing to represent the distance between calligraphy
characters. Among them, it represents the horizontal
spacing of calligraphy characters and represents the
vertical spacing, is defined as formula(14).
{ w, =| topx,,, —bottomx, |1 <i <W

w, =| topy;., —bottomyj [I<j<H (14)

(topx, topy) (bottomx,, bottomy,)

Two binary sets ,
represent the coordinates of the upper left corner and the
upper right corner of the minimum bounding box,
respectively.

4. STYLE FEATURE VECTOR

4.1 SELECTION OF STYLE FEATURES

The style feature vector determined above may have
invalid features, which needs further analysis.

4.1.1 DATA DESCRIPTIO

Table 2 shows the 30 attribute names and descriptions of the style feature dataset.

1D Symbol | name explain
Mo %2 E Stroke entropy Y115 the stroke entropy of the whole page. If there is no such stroke on the whole
page, it is set to - 1, and this feature will be omitted during the comparison (the
following cases will be treated in the same way). Y245 corresponding to the pen.
Y3oer X Hy Stroke width %32 % Corresponding to the average stroke width of horizontal, vertical,
skimming, pressing, horizontal hook and vertical hook respectively.
YooeesXig % vanance YooeesXig represent the variation variance of stroke width corresponding to
horizontal, vertical, left, right, horizontal hook and vertical hook respectively.
X155 X o Relative disturbance | The relative disturbance of horizontal pen and vertical pen respectively.
X175 X, K Slope It corresponds to the slope of horizontal and vertical strokes respectively.
X0 H,, Horizontal pen type | It indicates the features of the start and end of horizontal strokes.
X0 S Stroke thickness | Represents the thickness ratio of all strokes on the page.
ratio
Xy R Knot shape Represents the aspect ratio of the whole word.
X, G Center of gravity | Indicates the offset position of the whole word.
position
XpysesXog | PE Changes in the | Represents the stroke handling characteristics of the whole word.
strength of writing
Xy 7 Stroke width of | Represents the stroke width feature of a whole character.
whole character
Xpg o, Stroke width | Represents the change information of stroke width of whole character.
variance of whole
character
X9 Lw Promoting Qi The degree to which the calligraphy character deviates from the center line.
X30 DW Word spacing Close to the distance between two calligraphy characters.

4.1.2 FEATURE ANALYSIS

method is used to normalize the feature data to 0-1, which

The results show that the features are independent of each
other and conform to normal distribution, which has
statistical significance. At the same time, feature
normalization is carried out, including intra class
normalization and inter class normalization. First line intra
class normalization: in order to reduce the information loss
caused by the direct normalization of the image, after
obtaining the feature vector, the data is normalized, and the
extracted eigenvalues are normalized by selecting 64 * 64
according to the mean approach. Compared with the direct
normalization of the image, the error caused by changing
the original image can be avoided. Then, the Z-score

can reduce the influence of the huge difference of feature
values on the classification accuracy and speed.

4.1.3 FEATURE SELECTIO

The ReliefF algorithm is used to calculate the weight of
each feature, and the feature whose weight is less than a
certain threshold is removed. In order to reduce the
influence of different random samples on the result weight,
the average weight value of 20 runs is used. Table 3 shows
the attributes with the top eight feature weight means. The
weight threshold was 0.0332.

Table 3 mean value of characteristic weight
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attribute Weighted mean
Stroke entropy 0.1079
Stroke width 0.0832
variance 0.0787
Knot shape 0.0643
Changes in the strength of writing [ 0.0694
Center of gravity position 0.0579
Stroke width of whole character 0.0458
Promoting Qi 0.0433

42STYLE MODEL CONSTRUCTION

According to the probability distribution model of each
type of calligraphy style in the training calligraphy style
feature set, the calligraphy style directly affects the
parameter value, which can effectively describe the
calligraphy style characteristics.In this paper, BP neural
network is used to construct the -calligraphy style
classification model, and the combination of genetic
algorithm is used to improve the calculation speed and
accuracy of the model[9-11].

4.2.1 BP NEURAL NETWORK MODEL

In this paper, a three-layer BP neural network is used,
including input layer, hidden layer and output layer. Each
layer is fully connected, and there is no connection in the
same layer. After learning samples are input, the weights
and deviations of the network are adjusted and trained
repeatedly by using back propagation algorithm to make
the output vector and the expected vector as close as
possible.set upX = (x1,x,,...,%;)T Represents the image
feature set corresponding to network input,

_ T
X =00, X,0 %) There are five types of calligraphy styles.

BP neural network includes two sub processes: forward
transfer and reverse transfer.Set the hidden layer output
variable vector group as and the output layer output vector

_ T
group as Y =250 00) The expected output vector

_ T

group is D=(d,d,...d))" Tpe weight matrix from input
_ T
layer to hidden layer is W=, Wy, w,,) The weight
matrix from hidden layer to input layer is
_ T
V'=01v2%)" For the output layer, there are defined as
formula(15):
h = f(s,) (t=1,2,..,i0)

(15)

s,=zlv”yj (t=12,...,0)
=

For hidden layers, there are defined as formula(16):

v, =fG6)  (j=12,...m)
16
s;=2wx, (j=12,..,m) (16)
r=1
Among them, f(x)is defined as formula(17):
S =—
I+ (17)
The error function is defined as formula(18):
2
(18)

E(w,v):%i(d/—y)

The weight adjustment is defined as formula(19):
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Awﬂ=—77 oF
ow, (19)
OE
Av, =-
s 6\/],

4.2.2 CLASSIFICATION MODEL OF CALLIGRAPHY
STYLE

1) Determine the number of input layer, hidden layer and
output layer nodes.

According to the five types of calligraphy styles, the
number of output layers is 5, and the hidden layer is 5.

2) The model algorithm flow is as follows:

Input: 30 dimensional features of calligraphy image to be
classified.

Output: classification of calligraphy styles.

1.The feature data are normalize d.

2. Network initialization.The weight matrix W and V are
assigned random numbers by ourselves. The error E is 0
and the learning rate is 0.1.

3.Input layer input sample data to calculate the activity of
hidden layer.

4.Calculate the output layer activity.

5.The output value of the model is compared with the
actual value, and the error is calculated.

6.Back propagation, calculate the error of hidden layer.
7.Modify the weights between output layer and hidden

layer, input layer and hidden layer respectively *r\"i.
8.Modify the error.

Repeat steps 2 and 7 until the number of iterations reaches
the upper limit or the error of the output layer reaches the
threshold.

4.2.3 OPTIMIZATION
MODEL

In order to avoid too much work and improve the
calculation speed, genetic algorithm is applied to the
classification model to optimize the threshold and weight
of BP network to overcome the advantages of BP network.
In this paper, the genetic algorithm is used to search the
global quickly, and then the BP network is used to search
the local optimum when reaching a certain convergence
region to get more accurate classification results.

The experimental results show that the target error is
obtained by training the BP neural network 126 times, and
the classification accuracy is 95.33%. After the
optimization, the target error can be obtained after 11 times
of training, and the classification accuracy is
97.48%.Through the optimized style classification model,
the calculation speed is fast, and the classification accuracy
is more accurate.

5. EXPERIMENTAL RESULTS AND ANALYSIS

5.1 EXPERIMENTAL ENVIRONMENT

This experiment uses Visual C + +, QT is used to design
the program interface, and the backstage database version
is mysql8.0.

5.1.1 DATA SOURCE

The original data used in the experiment were collected
from 280 page images of Yan Zhenqing, 260 pieces of Liu
Gongquan, 260 pieces of Ouyang Xun, 220 pieces of Zhao
Mengfu and 180 pieces of Dong Qichang&apos;s
calligraphic works in the CADAL project of China and the

OF CALLIGRAPHY STYLE
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United States digital library. The page images are in JPG
format and contain at most 100 single characters and at
least 15 single characters.

| F S A S i )
I gl RSl | IR, ~ -

Import Parse Counting Extraction Recognition Detail Help

Histogram

Data hist

(#5ty1al) T.3%
(#5tyled) T7.5%

5.1.2 OPERATION RESULTS
When the user enters a work page, the classification result
is obtained, as shown in Figure 4.

= v S
I i WP sl OO ~

Import Parse

Counting Extraction Recognition Detail Help

Histogram

(2)Running interface - single word image (b) Operation interface

Fig. 4 system operation interface

Among them, the five categories of single character images
have the highest classification probability. The first three
schematic diagrams are shown in Fig 4. The third row and
the third column of the third row are wrongly divided into
European body, because there are similarities between
European style and facial style, which leads to wrong
classification in stroke characteristics.Table 5 shows the
top two of the five categories of calligraphy page
classification probability, but there is no wrong
classification in the top ten calligraphy page classification
probability.The reason is that the page is classified from
three levels of stroke, knot and structure. The page contains
several single characters. In the classification, the
occasional misclassification of a few words has little

impact on the image division of the whole calligraphy page.

Table 4 top three of single character image style probability
calculation

#stylel #style2 | #style3 | #styled | #styleS
0.9872 0.9921 0.9931 0.9879 0.9901
EX FIEAEN
0.9855 0.9889 | 0.9917 | 0.9868 0.9895
|~ I3k
0.9803 0.9892 [ 0.9837 | 0.9871
Table 5 top two of page image style probability calculation
#stylel | #style2 #style3 #styled4 #styleS
i A 5o X TE ]
ook ik
0.992 0.987
S L)
holam R
[fhebef X LT
betd xew

0.990 0.983 0.984

5.2 EXPERIMENTAL ANALYSIS

In order to evaluate the effectiveness of the proposed
algorithm, experiments are carried out on regular script
calligraphy dataset[13-16].

5.2.1 EXPERIMENTAL ANALYSIS OF SINGLE
CHARACTER IMAGE CLASSIFICATION

Firstly, single character images are classified and
compared according to classification accuracy. This
algorithm is compared with stroke structure feature + SVM
algorithm, and classification algorithm based on delay
style [2], lenet-5 [19], and Google net [20]. The current
experimental data set is composed of images in regular
script calligraphy dataset which are cut by minimum
bounding box algorithm. The normalized size is 64 x 64.
Each style contains 200 single characters. It is divided into
five groups and is used as training set and test set according
to the ratio of 4:1.The average classification accuracy of
cross experiments on five test sets is shown in Table 5[17].
In the single word image classification, this algorithm has
little advantage compared with other -classification
algorithms, and further carries on the comparative analysis
to the page image classification experiment.

5.2.2 EXPERIMENTAL ANALYSIS OF SINGLE
CHARACTER IMAGE

This experiment uses 10 times cross validation to get the
average classification accuracy as the performance
evaluation standard of calligraphy style classification
algorithm, and also compares with the above four
classification algorithms.Among them, the training set is
selected from the regular script calligraphy data set, 600,
650, ..., 1100 calligraphy images are randomly selected,
and the test set is the remaining image, and the average
classification accuracy is obtained through ten cross
experiments.

It can be seen from the above figure that when the number
of samples is small, the classification accuracy rate is
constantly improved, but when the number of training
samples reaches 1000, the classification accuracy tends to
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be stable. Compared with other classification algorithms,
this algorithm achieves better classification results.Table 6
shows the comparison results of the classification accuracy
of this algorithm and other algorithms when the number of
training samples is 1000.

From table 7, it can be found that the accuracy of the
classification algorithm based on Google net and the
algorithm in this paper is better than other classification
algorithms, reaching more than 90%. Compared with the

Table 6 accuracy rate of single character image classification

International Journal of Computational and Engineering

accuracy of single character image classification, the
algorithm in this paper improves the accuracy of page
image classification greatly. As mentioned above, because
of the large number of single words in page image, the
influence of single word error classification is small, and
the fault tolerance rate is high, so the classification
accuracy of calligraphy page image is obviously better than
other algorithms.

Stroke structure + SVM [17] | Latent style[2] | LeNet-5[19] | GoogleNet[20] | Proposed
#stylel 77.00 81.41 80.40 87.12 88.90
#style2 72.00 90.28 92.42 90.54 89.30
#style3 75.00 88.30 86.58 90.08 91.00
#styled 78.00 81.80 84.75 85.35 87.35
#style5 68.00 89.21 76.85 88.25 89.65
Accuracy | 74.00 86.20 84.20 88.29 89.24
Table 7 Comparison of classification results (%)
Stroke structure + SVM [17] | Latent style[2] | LeNet-5[19] | GoogleNet[20]/ | Proposed
#stylel 73.00 83.25 86.28 92.33 97.90
#style2 80.00 89.78 89.64 95.67 98.30
#style3 60.00 92.25 91.30 93.00 99.00
#styled 75.00 85.28 90.63 90.52 96.3
#style5 67.00 88.85 84.55 93.44 95.9
Accuracy | 71.00 87.88 88.48 93.39 97.48
Table 8 classification results

Predicted condition

S #stylel | #style2 | #style3 [ #style4 | #styleS

o [ #stylel [ 0.979 ]0.012 ] 0.002 | 0.002 [ 0.005

é #style2 [ 0.007 | 0.983 |0 0.005 | 0.005

= | #style3 | 0.005 [0 0.990 ]0.005 |0

2 #styled | 0.007 [ 0.007 ] 0.013 ] 0.963 | 0.010

#style5 | 0.016 [ 0.008 ] 0.002 | 0.016 | 0.959

The confusion matrix of five types of regular script
classification in this paper is shown in Table 8.It can be
seen from the table that the Euclidean has the highest
classification accuracy, and 99% can be correctly divided
into Euclidean.The classification accuracy of Dong style is
relatively low, and it is mostly divided into Yan style and
Zhao style.The classification accuracy of Zhao style is also
relatively low, and it is often mistakenly divided into
European style and Dong style.The other two types of
books also have wrong classification.Because the style of
calligraphy is similar, there will be misclassification, but
most of the styles can be classified accurately with the help
of this model.

6. CONCLUSION

This paper presents a method of calligraphy style
classification, which takes calligraphy image as input and
classification result as output.Although the classification
of calligraphy style has achieved good accuracy, there are
still some problems and areas to be improved.First, it is
difficult to construct the mapping relationship between
feature data and strokes.Second, this paper classifies the

ACADEMIC PUBLISHING HOUSE

five types of regular script, which can not fully meet the
needs of professional calligraphers. It needs to be
improved automatically according to user feedback.The
above two points need to be further solved in the follow-
up study.
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Abstract: Image style transfer is a method to transform
images from one style to another. With the development of
generative adversarial network in deep learning, it’s
application in the image style transfer has attracted much
attention. However, the existing methods usually have
some problems and major problems mainly include: 1) the
generated images have not obvious cartoon style; 2) the
generated images lose some important textures of the
original image; 3) the chromatic aberration inside the
generated image is not obvious. To solve the above
problems, we propose a generative adversarial network
based on mixed attention called MACGAN. In this
network, we first introduce the mixed attention module to
make the internal chromatic aberration of the generated
image more obvious. And the skip connection structure is
adopted to preserve the important textures of the original
image in the process of style transfer. In addition, a new
residual block is introduced to reduce the number of model
parameters and speed up the image generation. Finally,
three datasets of Hayao, Paprika and Shinkai are used for
experimental evaluation. The results show that our method
is able to generate high-quality cartoon images from real-
world photos. And we get the better FID than other
methods.

Keywords: Image style transfer; Deep learning; Generative
adversarial network; Attention mechanism

1. INTRODUCTION
Cartoon is a common art form in daily life. The cartoon
style transfer refers to the transformation of real-world
images into cartoon images. And in the process of
transformation, the original image structure must not be
destroyed. figure 1 shows an example of our method
converting a real-world image into a Hayao style image.
But in real life, it takes not only special expertise but also
a lot of time for an artist to turn a realistic image into a
cartoon-style image. Moreover, it is difficult for existing
software to achieve satisfactory results. Therefore, it is
necessary to propose a method that can transform real-
world images into high quality cartoon style images.

(a) real-world imat: (bj our result

Figure 1. An example of cartoon style transfer. (a) A real-
word image, (b) The image (a) transfer to Hayao cartoon
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style by our algorithm

Since the pioneering work of Gatys et al[1], the style
transfer of image has received increasing attention. And
with the development of deep learning, some algorithms
[2,3.,4,5] based on Convolution Neural Network (CNN) are
widely applied to image style transfer, However, these
existing neural network style transfer methods are usually
only suitable for specific style transfer tasks. When they
are used for cartoon style transfer, the generated images
have no obvious cartoon style.

Then Goodfellow et al.[6] proposed generative adversarial
network, many image style transfer methods based on
GAN[7,8,9,10,11] have been proposed. CycleGAN[9] was
the first to propose a style migration algorithm for unpaired
images, which broke the limitation that the training set in
Pix2pix[7], Pix2PixHD[8] must be paired, making the
training set easier to obtain. CycleGAN has a good result
on style transfer. However, in the cartoon style transfer, the
generated cartoon image loses some important texture
features of the original image, such as the outline of facial
features, the edge outline of leaves and so on. The
CartoonGAN[10] and AnimeGAN[11] are specially
designed for cartoon style transfer, which can generate
cartoon image well. However, there are still some defects
in the chromatic aberration of the generated image. For
example, the lipstick color of the lips on the face is not
separated from the skin color, which results in the lipstick
color of the lips being the same as the skin color.

_________________________________ ZENETALOT - - o oo e e e
Encoder

Inverted Residual Blocks * 8 Decoder
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Figure 2. The generator and discriminator of MACGAN

The above methods are able to convert real-world images
into cartoon images, but there are still some problems. 1)
The generated images have no obvious cartoon style. 2)
The generated image loses some important texture features
of the original image; 3) The internal chromatic aberration
of the generated image is not obvious. In order to solve
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these problems, we propose a cartoon style transfer method
based on the mixed domain attention mechanism, which

can better transform real-world images into cartoon images.

Our MACGAN is similar to the AnimeGAN, the biggest
difference between both methods is the generator structure.
In order to make the model more stable, we also used VGG
network[12] to pre-train the generator before training
MACGAN.

The main contributions of our work are:

1) We propose to add a mixed domain attention mechanism
to the first layer of MACGAN generator, which can keep
the internal chromatic aberration of cartoonized images
unchanged;

2) The skip connections are used between inverted
residuals;

3) We propose a new inverted residual block which can
reduce the number of model parameters and speed up the
image generation.

2. RELATED WORK

2.1 Neural Style Transfer (NST)

NST use the convolutional neural network (CNN) to
transfer the input image from one style to another. Gatys et
al.[14,15,16,17] proposed a series of image style transfer
technique based on CNN, but their network model often
have a great number of parameters, which make the
process of style transfer time consuming. Huang et al.[18]
propose a effective approach, named AdalN, which aligns
the mean and variance of the content image features with
those of the style image features. However, those methods
only suitable for specific style transfer tasks. They can’t
obtain satisfactory results when used for cartoon style
transfer.

2.2 Image style transfer with GANs

In recent years, a series of GAN based approaches for
image style transfer have been proposed [7,8,9,10,11],
which can be divided into two categories: style transfer of
paired and unpaired. The traditional approaches of paired
are Pix2pix[7] and Pix2PixHD[8]. Their training datasets
require pairs of images with consistent content but
inconsistent style, which have the disadvantage of
insufficient datasets. Until the emergence of unpaired
image style transfer, such as CycleGAN[9],
CartoonGAN[10] and AnimeGAN[11], These approaches
can be trained by using only two datasets with different
styles, which greatly reduces the difficulty of obtaining
datasets. CycleGAN first proposed the cycle architecture,
which consists of two pairs of generators and
discriminators. The first pair of generator and
discriminator learn the mapping from the original style to
the target style, and the second pair learns the mapping
from the target style to the original style. CycleGAN is able
to perform some style transfer tasks excellently. However,
when generating cartoon style images, a large number of
original image features are often lost, resulting in the
migrated images having cartoon style but unclear texture.
CartoonGAN and AnimeGAN are specially used for
cartoon style transfer, which have a good result in
generate cartoon image, but the internal chromatic
aberration of generated image will be inconsistent with the
original image. Furthermore, it’s time consuming to
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achieve cartoon style transfer.

Channel
Attention

Spatial
‘Attention

Figure 3. Mixed attention block

2.3 attention mechanism

The attention mechanism can process visual information
adaptively and focus on significant areas by imitating the
process of human observation. This mechanism can
quickly extract important features of image, so it is widely
used in computer vision tasks [19,20,21,22,23,24]. The
mixed domain attention mechanism includes the channel
domain attention mechanism and the spatial domain
attention mechanism, as show in figure 3. The channel
attention mechanism focuses on the channel characteristics
of the image while the spatial attention mechanism focuses
on the spatial characteristics of the image. According to
[24], we have the best result on the order of channel
attention and spatial attention. And the structure of mixed
attention mechanism can be seen in 3.2.

3. OUR METHOD

3.1 MACGAN architecture

In this paper, we present a better and more efficient
generative adversarial network called MACGAN.
MACGAN contains two convolution neural networks, as
show in figure 2: one is generator G which is used to
transform real-world images into cartoon styles, another is
discriminator D which is used to distinguish the input
image is real cartoon image or not.

In figure 2, the first layer of the generator is a mixed
domain attention mechanism which include domain
attention and spatial domain attention. This mechanism can
extract the chromatic aberration feature of the origin
images. Inspired by the U-net network[13], the following
generator structure is composed of encoder, residual blocks
and decoder. The skip connections well solve the detail
loss during the down sampling of our network.

In the encoder, the head contains two layers of Conv-Block.
And the downsampling (Stride-Block) is carried out twice.
After each downsampling, a Conv-Block is included.
Furthermore, there is a DSConv Block between the two
downsamplings. The structure of Conv-Block and DSConv
block are the same with[11].Stride-Conv is shown in figure
4(b), where the convolution kernel size is 3x3 and the
stride is 2.

The specific structure of the IRB block is shown in figure
4(a). Compare to the IRB block in [11] we removed the
Depthwise conv to reduce the parameters of our model. 8
IRB blocks are used in our generator.

The decoder and the encoder present a symmetrical
structure. The convolution kernel size and stride of Stride-
Conv in decoder is 3%3 and 1/2.

Our discriminator are the same as [11]. As shown in Figure
3, all convolutional layers in the discriminator are standard
convolution, and spectral normalization is used for each
layer to make the training more stable.

3.2 Mixed domain attention mechanism

ACADEMIC PUBLISHING HOUSE
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As shown in figure 3, the mixed domain attention
mechanism consists of a channel domain attention and a
spatial domain attention. The feature map of the input
image, Mixed attention block sequentially infers a 1D
channel attention map and a 2D spatial domain attention
map, The whole calculation process is:

F=M(F) ®F,
F'=Ms(F) QF (1)

. T F .

where represents element-wise multiplication, 1s

the result of the original image feature map passing
"
through the channel domain attention, is the final

refined output. The complete structure of channel domain
attention and spatial domain attention are similar to [24].

— |
:
e Dw
|l
— |

(b)Stride-Conv

(a) IRB

Figure 4. IRB block and Stride-Conv block

3. 3 Loss function

We formulate the process of learning to transform real-
word photo to cartoon images as a mapping model which

maps the real-world photo domain to the cartoon

Y. The mapping model is trained with unpaired
training data Suua(®) = {zli=1, - N} CX

Saata () = {yili =1, -, M} CY, where the N and M

are the numbers of real-word photos and cartoon images in
the train dataset, respectively.

The loss function employed in this paper is the same
as[11],which consists of four losses:

L(G,D) = ®uayLats (G, D) + Weoy Loy (G, D)

Jr wgm Lgru (G,D) + w('olL (GyD) (2)

domain

and

Wady Weon wg'm w
5 5

b

where ! are the weights to balance
four given loss functions. And in all our experiments we
sot Wadn = 300 Wern=1.5 wye=3 w,=10

Lo (G, D) is the adversarial loss to make the process od
training more stable and make the MACGAN to generate
higher quality images. The least squares loss function in

LSGAN[25] is employed as La (G:D)

L (G.D) is the content loss:

L. (G,D) :EX,~SM(x>[HVGG/ (x) — VGG, (G(x,)) HI} (3)

where VGGi(*) is the ith layer of VGG 14 the
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G(z)

113 »
' s input. The means the generated images
and ¥ means real-word photos.

Lya(G,D) i the gray style loss:
Lgm (G7D) = Ez,NSdata(I)’ EgANSd‘”"(g)

[|Gram (VGG,(G(z:))) — Gram (VGG (g.,))||1]

4)
where Gram means the Gram matric of features. I
yi il’l Sdata (yz)

is

VGG/(®) g G

means the color cartoon image

transformed to grayscale image.

Ladv (G7D)

are the same to the

Lcol (G) D)

is the color reconstruction loss:
1Y (G(z)) =Y ()
L..(G,D) = B, 5| T HU(G(%» —U(z) H H
HVE®) ~velal )
Y(-’Ei)’ U(-’”i)» V(xz)

where
z;

represent three channels of

in YUV format, respectively. And the H represents
Huber Loss.

3.4 Training

The proposed MACGAN can easily realize the cartoon
style transfer of unpaired images. However, the GAN
model is highly nonlinear and easy to fall into a local
minimum. The pretraining phase of the generator can make
the generative adversarial network to converge better. In
the pre-training of the generator, we only trained one epoch
and the learning rate was set to 0.0001. In the formal
training stage, we set the learning rate of the generator to
0.00008 and the learning rate of the discriminator to 0.0001.
100 epochs was trained. The deep learning framework we
used is TensorFlow, and the GPU is Tesla T4.

4. EXPERIMENTS

4.1 Data

The experimental data can find in
https://github.com/TachibanaY oshino/AnimeGAN/releas
es/tag/dataset-1. The training data include real-world
images and cartoon images, and the size of the images was
cropped to 256x256. while the testing data are only real-
world images. In our experiment, there were 7,493 real-
world images. 6,657 of which were used for training and
the rest for testing. For the cartoon images, 1553 cartoon
images from the movie “Paprika” are used for training the
Kon Satoshi style model, 1650 cartoon images from the
movie “Your Name” are used for training the Makoto
Shinkai style model and 1792 cartoon images from the
movie “The Wind Rises” are used for training the
Miyazaki Hayao style model.

4. 2 Ablation experiments

4.2.1 Mixed domain attention mechanism:

We used 6,657 real life images and 1,792 Hayao Miyazaki
style images to train the model with and without mixed
domain attention mechanism respectively, and the results
are shown in figure 5. figure 5(a) represents the real-image,
figure 5(b) represents the results of the unapplied mixed
domain attention mechanism, and figure 5(c) represents the
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results of the added mixed domain attention mechanism.
Comparing figure 5(b) and figure 5(c), we can conclude
that the model with mixed domain attention mechanism
can well retain the chromatic aberration of the original
image. Furthermore the colors of the generated images are
more cartoonish.

(a) Origin » (b) Without attention (c) Ours

Figure 5. The effects of mixed attention mechanism
4.2.2 Skip connections

The dataset is the same as 4.2.1. Models with and without
skip connections are trained respectively, and the results
are shown in figure 6. figure 6 (a) represents the real-world
image, figure 6(b) represents the results of the model
without skip connections, and figure 6(c) represents the
results of the model with skip connections added.
Comparing figure 6(b), it can be seen in figure 6(c) that the
model without skip connections loses most of the texture
of'the original image. The addition of skip connections able
to retain the important texture of the original image.

(b) Without skip connection

(a) Origin (c) Ours

Figure 6. The effects of skip connections

4.2.3 New IRB block:

We added the new IRB block to MACGAN's generator,
and then compared the size and performance of the three
generator models, respectively. Since there was no IRB
block in CycleGAN we compared it only with
CartoonGAN and AnimeGAN. All the testing images are
resized to 256x256.As show in table 1, Our model has the
smallest size of parameters and model size. And our
inference time is the shortest than other models. We can
conclude that our model is smaller and more efficient.
Table 1 Indicators of generator

Network Params Model Inference
Size Time
CartoonGAN 12253152 46.74M  S1ms/image
AnimeGAN 3956096 15.09M  43ms/image
Ours 3911149 14.92M  41ms/image

4. 3 Comparison with state of the art
4.3.1 Qualitative comparison
We compared with CycleGAN, CartoonGAN and
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AnimeGAN, respectively. To be fair, we used a uniform
training set to train their respective models separately. The
training set include 6, 657 real-world images and 1, 792
cartoon images of Miyazaki Hayao style. The results of our
experiments are shown in figure 7. Infer from figure7(b) ,
although CycleGAN generates cartoonized images, the
texture structure of the cartoonized image is not clear,
resulting in the difficulty in identifying the image content.
As show in figure7(c), the cartoon images produced by
CartoonGAN have a reddish brown color, which differs
from Miyazaki Hayao style. In figure7(d), the textural
features of AnimeGAN is better than Cartoon, but some
details of the texture are not clear enough. Furthermore, the
internal chromatic aberration of images are not obvious. In
the first row of figure 7(d), the lipstick color of the lips on
the face is not separated from the skin color. In figure7(e),
the proposed MACGAN can not only generate cartoon-
style images with clear texture, but also retain the
chromatic aberration of the original image.

432 FID

Frechet Inception Distance (FID)[26] is widely used to
evaluate the quality of the generated images.Pre-trained
Inception-V3 model[27] can extract the advanced features
of an image and calculate the distance between two image
distributions. The FID value is smaller when the
characteristics of two images are more similar. As the
facial data have not been trained in the CartoonGAN model,
FID was calculated only on the landscape dataset for the
purpose of equitable comparisons. As table 2 shows,
CycleGAN has the smallest FID to Cartoon images. And
our has the second FID to Cartoon images. This indicates
that the images generated by CycleGAN are the closest to
cartoon images. The images generated by our method are
more cartographic than those generated by AnimeGAN
and CartoonGAN. Our method has the smallest FID to
real-world photo while the CycleGAN is the largest.
CartoonGAN and AnimeGAN have the middle FID to real-
world. It shows that the image generated by CycleGAN
loses a lot of features of the original image, while our
method can well retain the important features of the
original image. Furthermore, our method was able to
maintain significant features of the original images while
maintaining better cartoon performance than CartoonGAN
and AnimeGAN.

4.4 Verify the cartoon style transfer of different dataset

In order to effectively verify the cartoon style transfer of
our proposed MACGAN, we trained our model on three
different cartoon datasets respectively. In figure 8, we have
a high-quality cartoon transfer on the three styles of
Paprika, Shinkai and Hayao.

Table 2. Performance evaluation based on the FID metric.
See also the manuscript for expositions about the FID
metric. Lower is better for the FID metric.

Method CycleGA  CartoonGA  AnimeGA  Ours
S N N N

FID to 238.44 273.36 279.71 278.8
Cartoon 4
FID to 310.52 272.79 244.89 2414
Photo 0

Note: Black bold font indicates the smallest FID, the red
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indicats the secon smallest FID_.

S

Lok ot

(a) Origin (b) CycleGAN

Figure 7. Comparison with state of the art
2 E ] = e

() Origin (b) Paprika (@ H'd)'o
Figure 8. Cartoon style transfer on different datasets
5. CONCLUSIONS

In this paper, a method of image style transfer based on
mixed domain attention is proposed, which can effectively
transfer the real-world images to cartoon style images. In
addition, MACGAN can ensure that the original image's
chromatic aberration and texture features are well
preserved on the basis of cartoon style transfer, and the
image generation more efficiently than other generative
adversarial networks. We proposed three optimization
schemes: 1) A mixed domain attention mechanism is
introduced to preserve the original realistic image
chromatic aberration; 2) The skip connections structure is
used to preserve the important texture of the original
images; 3) The new IRB blocks is introduced to make
image generation faster. The experimental results show
that the proposed MACGAN can realize the style transfer
of cartoon images with high quality and efficiency.

(¢) Shinkai
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Abstract: This paper focuses on the non-collocated control
design for an array of semilinear distributed parameter
systems. The optimization proposal of stabilization in
diffusion processes is used by mobile actuator and sensor
networks. Based on the Lyapunov direct method, a series
of conditions are established in the form of decentralized
output feedback control scheme. The stability criteria
which related to the velocity law of moving agents
ensuring the distributed parameter systems to be globally
asymptotically stable. And the results improve and extend
the earlier works. Finally, a simulation study is provided to
verify the obtained results.

Keywords: Semilinear Distributed Parameter Systems;
Non-Collocated Control; Decentralized Output Feedback;
Mobile Sensors; Mobile Actuators

1. INTRODUCTION

In general, the behavior of distributed parameter systems
is determined by position in addition to time. Many
physical processes are modeled by distributed parameter
systems, such as heat exchange, fluid, chemical reaction
and other space-time processes. Orlov[1] studied the model
of distributed parameter control systems in heat processing
using sliding mode control method for the first time.
However, it is especially difficult to avoid the wobble
phenomenon. Then, the analysis and control of parabolic
partial differential equations with input constraints based
on Galerkin approximation is developed in [2].
Investigating such finite-dimensional control systems
becomes a challenging task. In this way, several methods
have been presented for distributed parameter systems.
Song[3] studied the robust stabilization problem of
Markovian jump distributed parameter systems via Takagi-
Sugeno fuzzy theory. Also, time-varying delay and
incomplete transition probabilities are studied, which
affect the stochastically stability of the system. A regional
constrained optimal control issue of a class of semilinear
distributed parameter systems is studied in [4] by a
quadratic cost functional and a closed convex. Moreover,
systematic approach is often used to deal with the
semilinear distributed parameter systems. [5] presented
distributed saturated control problem of semilinear fuzzy-
PDE model by applying the sum-of-squres techniques.
Also, the observation issue of semilinear distributed
parameter systems has been considered in [6]. An extended
Luenberger observer is designed based on backstepping
technique and sample-and-hold alse implementation to
improve the efficiency of the observer.
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Earlier work on study of [7] introduced a motion control
for collaborative target tracking in mobile sensor networks.
Compared to the static actuators and sensors, mobile ones
regard to reduction in power consumption, improved
performance and efficient monitoring. Almost at the same
time, the study on mobile control of moving actuators and
sensors in processes governed by distributed parameter
systems in [8-9]. Ucinski[ 10] enhanced the computational
optimality of supervisory control scheme. Demetriou[11-
13] provided an abstract framework for the performance
improvement of mobile sensors and actuators in distributed
parameter systems using the Lyapunov stability arguments.
So far, a number of useful conclusions about control of
distributed parameter systems are obtained.

Focusing on semilinear distributed parameter systems with
Dirichlet boundary condition, the goal of this paper is
finding a decentralized output feedback control scheme
which gives a control profile ensuring the distributed
parameter systems to be globally asymptotically stable
faster. The optimization proposal of stabilization in
diffusion processes is used by mobile actuator and sensor
networks in practice. By using Lyapunov functional, a
series of conditions which related to the velocity law of
moving agents ensure stability of closed-loop system in
initial conditions. The effectiveness of the obtained results
is tested in the last part of this paper.

2. PROBLEM FORMULATION

Consider an array of n -input, n -output semilinear
distributed parameter systems which is described the

diffusion process:
0x(t, &) _ 0 0x(t, &)

R CGRras
—p(t,,x(t, ))x(t, €)
£ i E OO,
— Ll=1 -
[RAEHOREG

Ol
yo= || eEsorEod| o

o
IEGOR @Y

with the initial condition

x(0,8) = xo (), 2

and having Dirichlet boundary condition
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x(t,0) =x(t, ) =0, 3
where x(t,&) denotes the state of the system, & € 2 =
[0,1] is the spatial variable and t € R is the time
variable. The diffusion operator a(é)=ay >0 .
Nonlinear function ¢ satisfy ¢ < ¢y, where ¢y is
known bound. The nonnegative function f;(&; &7 (t))
denotes the spatial distribution of ith mobile actuator,
where &7(t) € [0,1] is the time-varying centroid of ith
actuator. Similarly, the spatial distribution of ith mobile
sensor is represented by the nonnegative function
gi(& &), where &7(t) €[0,1] is the time-varying
centroid of ith sensor. u;(t) is the control input.
Then, the system (1) can be rewritten in the following
compact form:
{56 (@) = Ax(t) + F(E(©))u(®), @
y(t) = G(&* ()x(8),
L,(2) is a Hilbert space, where x(t,”) = {x(t,¢):0 <
& <1} is the instantancous state of the system. Let

e d d .
infinitesimal operator A = = (a({ ) d—€) — ¢y , its
domain

D(A) ={yp €
L,(2):4,y" absolutely continuous
Y" € L,(12), Y(0) = () = 0}. Operator A bounded
and —A >0, due to a(§) >0 . Linear operator
F(&%(t)) is input operator related to mobile actuators.
Actuator location vector provided by &%(t) =
[E2(D), E4(D), -+, E2()]T. Similarly, the output operator
G(&°(t)) is also linear and bounded. The vector of sensor
location parameterized by &(t) =
[§5(6), §3(8), -+, &5 ()] [14-15].
In what follows, the spatial distribution of each mobile
actuator which centroid at &, given by
GO R

0 otherwise
or depict

fi@:&H) =[HE — (&' —€7) —H(E = " +)](6)
what using two different Heaviside functions. Each mobile
sensor which centroid at &7 follow the spatial distribution
as

960 = {
or depict
9168 =gi(OHE - &' —97) -HE - (&

+ 9] (8)
Combined with the decentralized static output feedback
control scheme, we design the following controller

() = ~keyi(6) = —ki [ i (& & (0)x(6,§)dE,(9)

for k; >0,i=1,2,--,n.

Also, it can be written in matrix form

u(t) = —Ky(t), (10)

with K = diag{k,, k,, -+, k,} is the control gain matrix.
In fact, the locally decentralized controller (9) or (10) for
actuators and sensors can be utilized effectively owing to
the advanced technology of actuation and sensing. The
recent advances of micro-electro-mechanical systems,
make it easy to implement this class of controllers in a large
number of moving actuators and sensors.

3. MAIN RESULTS AND PROOFS

To obtain the main results, definitions and lemmas are

)

1 if €& —07,& +97]
0  otherwise ’

(7
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introduced as follows:
Definition 1 The distributed parameter systems is said to
be globally asymptotically stable if tli{fn [x(t)| = 0 holds.

Lemma 1 (Barbalat’s Lemma[l16]) If a non-negative

function f(t) is Lebesgue integrable and uniformly

continuous on [0, +), then tligrn f()=0.

With the decentralized output feedback control policy (10),
we can study the system in the following form
X (8) = A(£())x(1) (1n
where A (E(t)) = A — F(E(t))KG(E5(t)). In this case,
one may easily assume that F(£*(t)) and G(&°(t)) are
commutative, then the product of F({%(t)) and
G(&°(t)) is nonnegative definite. Consequently,
F(EX(t))KG(ES(t)) is bounded and nonnegative definite.
Also, —A.(¢(t)) is bounded and nonnegative definite.
The main results of this paper are given in the following
theorem.
Theorem 1 Under the decentralized static output feedback
control scheme (10), semilinear distributed parameter
systems (4) is globally asymptotically stable, if the spatial
distribution of mobile actuators and sensors are given by
(5) and (7) respectively and satisfy [&f —e™, & +
etIN[EF —97,&  + 9% # @, such that the following
velocity law of each moving agent holds,

§O = —pikWs (12)

§O = —pikWy (13)
with p >0 and p;>0,i=12,--,n, are velocity
gain of each agent, where the expression of W and W}
are depend on the mobile actuators and sensors
intersecting part of the spatial distribution of zone, also
express as following:

() [ —& & + &1 — 07,8 +9]]

W =x2(t, 8 —e) — X280 + &) (14)

W = 0; (15)
(i) [& =07, &+ 971 c [§! — &7, & + €]

we = 0; (16)

W =x2(t,§ —97) —x*(t,§ +97); (17)

(i) [& =07 & + 07N — e & + &1 = [ —
g, &+ 0] ]
W = xPE - e, (18)
WS = —x%(t,& +9;); (19)

(iv) (& — el & + & INE — 07, & + 971 =[§ -
07, & + ]
W = =x*(t§f + &), (20)
WP o= x2E-9). (D)
The guidance scheme for mobile agents enhances the
controller performance in the sense that the state x
converges to zero faster.
Proof: Consider the following parameter-dependent
Lyapunov functional as
V(e) = —(x(), A(ED)x(®),  (22)
where the boundedness and nonnegative definite of the
operator —A.((t)) easily see from the discussion above.
Differentiation of V(t) with respect to time along with
the solution of system (12) yields
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V()= —2(x(®),AEE)x®)

<<) (5( ) (t)> 23)

By using the properties of the operators —A.(&(t)), the
following results deduced easily.

=2(x (1), A(§(£))x (D))
= 2|4 (e®)x®)| < 0.
Then, the second one of (24) has

<()dﬂ(5<))()>

= (), FEOKGE OO
~{x(0),§" (0 ) o KG(£*©)x(0)
+(x@, F(Ee KT O%E ) @)

The formula (26) proposed here consists of two parts: one
is used to determine the velocity of ith moving actuating
device; and the other is employed to determine the velocity
of ith moving sensing device.
The first term in (26) can be written in terms of the integral
representation, that is,
. OF (E(t
(x(©,§" (0 %

l-a a ; a
f 2 LD o kgese)as
0

(24)

KG(&*(©))x(0)

a¢

Zn: a fl a
kig, @) | zz[(HE -G —&)
i=1 0 9

—H(E = (& + M E)
X (CHE = 7 = 00) = HE = G + 07
&g+t
- Zk 3 (t)f [6(E ~ (&~ )

—5(5 & +€L+))] 2(t,)gi(§)ds

For presentation convenience, we denote
gvof
S NGy
&§-o7
(& + &N (t,§)ds. (26)

—5(¢ —
And, for p{ is any positive gain, it can be made negative
by the choice

& (t) = —plkWs,
where the expression of W;* can be calculated as the form
of (14)in [§ — &, & + 8?],(16) in [§ — 907, & + 971,
(18) in [§ — &7, & + 9] and (20) in [§ — 97, &' +
gt
Tlh]e second term in (25) is calculated as follows
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We denote

Efret
we= [ 18- @ - o)
¢

a -
i T8

=8¢ — (& + 9Nt HdE. (27)

x(t))

- f FEEKE 2085 )2 gyae

Then, choose

S

£ () = —pskWy,
for p is any positive gain. W;® can be calculated as the
expression of (15) in [EF — &7, & + &, (17) in [& —

97,8 +971, (19) in [§f —&, & +9] and (21) in
(6 — 07,88 + &1 ,
From the above discussion, we have V(t) <

=2|A(E()x(t)|? < 0. It follows from (24)-(27) that
V(@) < —clx(®)’:t=0,

Therefore, we have

V(t) = V(0) < —c [ | x(s)|?ds.

Hence, it implies that

f | x(s)|?ds < a(|x|? + |Axg|?) < +oo.
0

Moreover, it is not difficult to verify that |x(t)|
uniformly continuous on [0, +o0). From Lemma 1, we can
obtain

tl_i)zrnoolx(t)l =0.
Accordingly, the system (4) is globally asymptotically
stable.
Remark 1: The spatial distribution of each mobile agent
discussed in (5) and (7), implies that the mobile actuator
and sensor networks is homogeneous. In such network,
every actuator and sensor is identical to each other, only
different at the location of their centroids & and &7.
Further, the spatial distribution of agents satisfy [éf —
e +et | =6 —97,& +9*], which means that
each mobile actuator and sensor are moving in the same
range. For simplicity, we denote [§f —e™, &l + 7] =
[ —97,& + 9% = [& — €,& + €]. Then, we obtain the
following theorem easily.
Theorem 2 Under the decentralized static output feedback
control scheme (10), semilinear distributed parameter
system (4) is globally asymptotically stable, if the spatial
distribution of mobile actuators and sensors are given by
(5) and (7) respectively and satisfy [Ef —e™, &t +e¥] =
[65 —97,& +97), such that the following velocity law of
each moving agent holds,
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§O=§0=—phlr*t§ - - 2*(t&+
€)1.(28)

with p; > 0,i =1,2,---,n, are velocity gain of each
agent. The guidance scheme for mobile agents enhances
the controller performance in the sense that the state x
converges to zero faster.

4. NUMERICAL RESULTS

In this section, a simulation example is illustrated here to
show the effectiveness of our main results. Consider the
distributed parameter system (1) with two mobile actuators
and sensors in 2 = [0,1].

The initial condition x(0,¢) = sin(ﬂg‘f)e"’f2 and initial
boundary condition x(t,0) = x(¢t,1) = 0. The coefficient
of transmission diffusion operator is a = 0.0035 .
Bounded  nonlinear function o(x(t, €),t,8) =
2arctan(0.3x(¢t,€)) . The controller gain are k; =
15,k, = 10. The spatial distribution of actuators and
sensors are given by (5) and (7), respectively. And, the
time-varying centroid of ith agent is satisfies the case in
Theorem 1 (iii).

As a comparison, we consider two fixed-in-space actuators
which fixed at ¢ = 0.15, & = 0.85 and two sensors
which fixed at & = 0.16,&5 = 0.16. Figure 1 examines
convergence of the state distribution when mobile
networks are used. In the simulation, L, norm of the state
for the closed loop system and the case of mobile networks
are shown in Figure 2. The trajectory of two moving
actuators and sensors are depicted in Figure 3 and the fixed
case also in it.

06

04

Figure 1. Mobile control of 1-D diffusion

Evolution of state Ly norm

025

moving actuator/sensor
= = = fixed actuator/sensor

02t

0.15

0 5 10 15 20
Time

Figure 2. Evolution of state L2 norm
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The trajectory of mobile actuators and sensors
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Figure 3. The trajectory of mobile actuators and sensors

5. CONCLUSIONS

In this paper, we have presented mobile actuator-sensor
networks method for non-collocated control problem of an
array of semilinear distributed parameter systems. The
optimization proposal of stability analysis in diffusion
processes has obtained by mobile agents. Several novel
sufficient conditions that assure the globally
asymptotically stable are derived. Moreover, the he
velocity law of mobile actuators and sensors can be
obtained. Finally, a numerical example has been given to
support the effectiveness of the presented results. It should
be mentioned that the obtained results improve and extend
the earlier works.
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Abstract: In order to solve the problem of stroke patients
walking obstacles, designed a new type of lower limb
exoskeleton which can help patients with rehabilitation
training, and based on the theory of variable density,
introduced the SIMP interpolation function to punish the
intermediate variables, the topological optimization of the
main components of the exoskeleton was carried out. Refer
to the topological analysis results, the second design and
finite element analysis of the external skeleton were carried
out, the results showed that the stiffness of the model was
improved and the material usage was reduced by 12.16%,
This method can help to realize the lightweight design of
exoskeleton and provide an efficient and feasible method
for the optimization of exoskeleton and other products.
Keywords: Rehabilitative Exoskeleton; Variable Density
Method; SIMP Model; Topology Optimization

1. STRUCTURAL DESIGN

The development and research of rehabilitation
exoskeleton has brought good information to paraplegia
patients and based on the plasticity theory of the human
brain, through continuous rehabilitation training, the
adjacent brain areas that control the walking area of the
brain are reshaped, and the patient can even restore the
ability to walk independently.[1][2]Today many domestic
and foreign research institutes and universities have
developed rehabilitation exoskeletons with different
functions and have achieved considerable results. With the
upgrading of computer technology and the increasing
maturity of finite element methods, structural optimization
design has been widely used in automotive, aerospace,
bridges and other fields. Japan’s Yamaguchi and others
Table 1 Joint degrees of freedom and range of motion

used topology optimization methods to rearrange the
welding points of the car body, which not only improved
the rigidity but also reduced the quality of the car
body.[3]Yang Chen of Zhejiang University and others
carried out a lightweight design of the cylinder block on
the basis of the variable density method and finally
determined the best shape of the cylinder block.[4]The
topology optimization of mechanical products is also
getting more and more attention from designers. Whether
in the military industry or medical field, the research and
development of exoskeleton is imperative, and the
topology optimization of exoskeleton structure has
gradually become a problem for designers to consider.[5]
The basic conception of exoskeleton structure is based on
the principle of bionics, which is a discipline that imitates
the structure and function of organisms to create
mechanical structures and develop new technologies. The
basis of the exoskeleton designed in this article is the
human lower limbs. We can know by querying the data of
GB10000-88 "Chinese Adult Human Body Size"
exoskeleton thigh structure size range is L1=400mm-
530mm, the size range of the calf structure is L2=300mm-
420mm, and the waist structure size range is L3=270mm-
360mm. The human body has 7 degrees of freedom in a
single lower limb, but the movement in the sagittal plane
is the main movement of the human body, and its
rehabilitation training can involve almost all the lower limb
muscles.[6] Therefore, the design of the exoskeleton single
lower limb in this paper has 4 degrees of freedom. The
degrees of freedom and motion range of each joint are
shown in Table 1.

Joint name | Degree of freedom | Sports form Movement angle
o Flexion/extension -15°—30°
hip joint 2
Internal rotation/external rotation | 0°—10°
Knee joint | 1 Flexion/extension -50°—0°
ankle joint | 1 Dorsal flexion / toe flexion -15°—10°

Simplify the exoskeleton lower limb structure into a
connecting rod system, and its kinematics model is shown
in Figure 1. Op-XoY0Zy is based on the absolute coordinate
system from the center of gravity to the lower limbs, L1,
L2 indicate the length of thigh and calf respectively, O,
indicates the origin of hip joint coordinates, 0, indicates the

movement angle of the hip joint around the X0 axis during
training, 0, indicates the movement angle of the thigh in
the sagittal plane during training, O, indicates the origin of
the knee joint, 03 indicates the movement angle of the calf
in the sagittal plane during training, O3 indicates the origin
of the ankle joint, 04 indicates the movement angle of the
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ankle joint in the sagittal plane during training.
O,

0

Figure 1. Kinematics model of exoskeleton single lower
limb

As shown in Figure 2(a), the overall structure of the
exoskeleton is made of aluminum alloy with low density
but high strength. In order to achieve the freedom of
flexion and extension of the three joints of the lower limbs,
the joints are designed as a four-bar mechanism instead of
the  traditional single-degree-of-freedom  rotation
mechanism. The joint drive adopts a linear motor with high
controllability and stable motion; then add a pair of
stepping motors at the hip joint to realize the degree of
freedom of external rotation of the thigh and improve the
flexibility of motion; the knee joint connection structure
uses 4 layers of the same shape plate to realize the easy
processing of the components; Figure 2 (b) and (c) The
waist and leg adjustment device is displayed, which
realizes the compatibility of the patient's body.

Hip Joint

I'high Member —>

Knee Joint

Calf Member —p

Ankle Joint

(a) The initial design and assembly of the exoskeleton

(b)Calf adjustment device  (c)Waist adjustment device
Figure 2. Exoskeleton structure design model

2. TOPOLOGY OPTIMIZATION OF EXOSKELETON
Topology optimization is divided into discrete body
topology  optimization and continuum topology
optimization. Under the conditions of satisfying the
established constraints, the best material layout scheme can
be obtained, [7] which can improve the rigidity of the
product and increase the material utilization rate to a
certain extent. Structural topology optimization is mainly
applied to the conceptual design level with more design
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freedom. The designer can perform secondary design on
the product according to the topology optimization results
and the actual processing conditions to obtain the best
model of the exoskeleton.

2.1 Variable density method

At present, the variable density method in the theory of
topology optimization method is widely used in a variety
of commercial software due to its single design variable
and simple and efficient solution process. The idea is to
assume a material with an unfixed density, discretize the
continuum structure into a finite number of cells, and
artificially determine the relationship between the relative
density of the cells and the material properties. In the
mathematical model, 0-1 discrete variables are used to
represent the removal and retention of structural unit
materials, and the material interpolation function model is
introduced to transform the discrete density value problem
into a continuous density value optimization problem in the
0-1 interval, so that the optimization becomes
Differentiable. If the element variables move closer to 0,
the final model will appear as a hole, otherwise it will
appear as a solid [8]. After several iterative calculations,
the final structure appears as the best transmission path of
the load, and the topology optimization of the structure is
completed.

2.2 Build a mathematical model

The commonly used material interpolation model for
variable density method is Solid Isotropic Material with
Penalization and Rational Approximation of Material
Properties. In order to avoid the checkerboard phenomenon,
both of them introduce a penalty factor to punish the
relative density intermediate variable to move closer to the
two ends. The study found that in most optimization
processes, the results of the two are almost the same.
Therefore, this paper selects one of them, namely the SIMP
interpolation model, for calculation. In the SIMP
interpolation model, the relationship between relative
density and elastic modulus can be expressed by the
following formula.

{Ezp”EO
,7:770 (1)

In the formula, £ represents the elastic modulus, 7
represents Poisson's ratio, p represents the relative density
of the unit, p represents the penalty factor, £y and 7, are the
actual material elastic modulus and Poisson's ratio. The
selection of the penalty factor is related to the convergence
of the function and the result of topology optimization. In
order to select the appropriate value of the penalty factor,
this paper selects p=1, 2, 3, 4, 5, 6, 9 values to draw the
function curve in the B environment.[9] As shown in
Figure3, when the penalty factor is selected from 2 to 6, it
is reasonable to choose a penalty factor value of 3.

The ultimate goal of exoskeleton optimization is to reduce
the amount of material used while ensuring the optimal
stiffness. In the design of this paper, the objective function
is set to maximize the structural stiffness, the constraint
condition is the volume ratio before and after optimization,
and the design variable is the relative density of each
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structural unit. In order to facilitate the establishment of the
mathematical model, this paper converts the maximum
structural stiffness into the minimum deformation
energy[10], and the finalized model is:

Find  p=[p.psp,]

Min C(p)ZUTKU :i(pi)puirkoui
=

s.t. sz,oiiSfVO
i=1
F=KU
0= ppin < p; <1 )

3
S
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—o— data2
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Figure 3. SIMP density function model

In the formula, p; represents the relative density of
structural elements, K and U represent stiffness matrix and
displacement vector respectively, u; is eclement
displacement vector, product F' represents external force
vector, Vj represents design space volume, f represents
optimized volume ratio, and the value here is 0.6, V'
represents the final structure volume, In order to avoid the
singularity of the total stiffness matrix, the material at the
hole is replaced with a very small density value of 0.001.
2.3 Exoskeleton optimization

Establish the Shape Optimization topology optimization
design item in ANSY'S and import the thigh member model,
and define the material as aluminum alloy. order to make
the calculation results more accurate and the reasonable
assembly of the components, the grid size of the
optimization area is set to Smm, and other areas are the
default, and the push rod base will not be included in the
optimization area. When the linear motor is installed at the
uppermost end of the thigh member, the member is in the
working condition of maximum force, and reasonable load
and restraint are applied according to the actual working
condition [11]. The results of the exoskeleton meshing and
the concrete application form of loads and constraints are
shown in Figure 4.

(a)Mesh (b)Apply constraints and loads
Figure 4. Pre-processing of thigh component topology
optimization

After the pre-processing of the model is over, click Solve
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to solve it and converge after 23 iterations. The topology
optimization structure with pseudo density between 0.5-1
is shown in Figure 5.

Reserved Unit

Figure 5. Topological retained material diagram of the
thigh member

Comprehensive consideration of the aesthetics and ease of
processing of the components, the secondary design of the
thigh components is carried out. Compared with the
original model, the holes of the thigh components installed
as the push rod base and the cylindrical pin need to be
completely retained before the optimization; the original
model surface is opened to different degrees. Hole, remove
the solid material, in order to prevent stress concentration,
the opening part is excessively rounded; when the linear
motor is located at the bottom of the hole, the entity around
the hole must bear the thrust load, therefore, the connecting
rib is designed here to connect it Connect the bottom of the
thigh. The optimized model is shown in Figure 6.

Figure 6. Optimized thigh component model

The same process is used to optimize the topology of the
calf component. The optimization result and the final
model are shown in Figure 7.

(a)Topological preservation material picture

(b)Optimized model picture

Figure 7. Optimization of calf components

3. FINITE ELEMENT ANALYSIS

The thigh and calf components before and after the
optimization are respectively analyzed statically. The static
analysis can obtain the maximum stress and strain of the
component under the ultimate working load, and the
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structural rigidity and optimization effect can be verified
through the analysis results. The finite element analysis
cloud diagram is shown in Figure 8 and Figure 9, and the

B: Static Structural
Equivalent Strass

Type: Equivalent (von-Mises) Stress
Unit: WPa
Time: 1
2017/8/3 22:18

165,37 Nax
14699
128,82
110.25
91 871
T3 497
55 123
36,748
18,374
1.0042e-10 Rin

(a)Stress cloud image before optimization

B: Static Structural
Equivalent Stress

Type: Equivalent (van-Mises) Stress
Unit: WPa
Time: 1
2017T/7/31 15:18

139.68 Nax
12416
108. B4
93.123
TT. 603
62,082
46,562
31041
18,521
7.3755e-11 Bin

(c)Stress cloud image after optimization
Figure 8. Finite element analysis diagram of thigh member

B: Statie Structural
Equivalent Stress

Type: Equivalent (von-Mizez) Stresz
Unit: WP
Time: 1
2017/7/31 19:49

142_42 Hax
126.59
10,77
94845
T8.121
63.297
47,473
31.648
15,825
0.0012316 Min

(a)Stress cloud image before optimization
B: Statie Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Init: MPa
Time: 1
2017/8/T 18:55

121.41 Nax
107.82
94.43
80.94
B7.45
53.86
4047
26.98
13.48
5 TT64e6 Hin

(c)Stress cloud image after optimization
Figure 9. Finite element analysis diagram of calf member
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relevant parameters and comparison of each component
before and after optimization are shown in Table 2.

B: Static Structural
Total Deformation
Type: Total Deformation

Tnit: mm
Time: 1
2017/8/3 22:14

018766 Nax
0. 18681
014596
0 12511
0. 10426
0. 083405
0. 062554
0.041703
0. 020851
0 Nin

(b)Displacement cloud image before optimization

B: Stetic Structural
Total Deformation
Typs: Totsl Deformation

Unit: mn
Time: 1
201T/T/31 15:18

0.14127 Nax
0. 12553
0. 10854
0.094149
0.07845T
0. 062766
0.047074
0.031363
0.015691
0 Bin

(d)Displacement cloud image after

B: Static Structural
Total Deformation
Type: Total Deformation

Unit: mm
Time: 1
2017/7/31 20020

036224 Bax
0.32199
0.28174
0.2415
0.20125
0161
0.12075

0. 080495

0. 040249

0 Nin

(b)Displacement cloud image before optimization

B: Static Structural
Total Deformation

Type: Total Deformation
Tnit: mm

Time: |

2017/8/T 19:01

0.33014 Nax
0. 23346

0. 25878
022008
018341

0 14673

0. 11008
0.073365
0036662

0 Nin

(d)Displacement cloud image after optimization

Table 2 Comparison of analysis results before and after optimization

Thigh member Calf member
Parameter - — — —
Before optimization | Optimized | Before optimization | Optimized
Maximum stress /Mpa 165 140 142 121
Maximum displacement/mm | (.19 0.14 0.36 0.33
Mass/kg 0.88 0.76 0.28 0.25

From the analysis results of Table 2, it can be seen that the
parameters such as the maximum stress, maximum
displacement and mass of the optimized components have
all decreased, and the analysis results are consistent with
expectations. Perform appropriate opening operations on
the exoskeleton waist belt and the ankle joint motor base
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and other structures that bear less load, and the optimized
components are reassembled on the whole machine, and
the final exoskeleton model is shown in Figure 10.
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Figure 10. The final model of the exoskeleton

Compared with the model before optimization, the model
after optimization has been punched to remove entities in
the main components based on the optimization results.
Open the exoskeleton model before and after optimization
in SolidWorks and define the material properties of the
corresponding components. The total mass of the model
can be viewed in the evaluation column. According to the
analysis, the total mass of the exoskeleton during the
conceptual design period was 15.21 kg, and the total mass
of the exoskeleton after optimization and secondary design
was 13.36 kg, and the material saving rate reached 12.16%.
4. EXOSKELETON PROTOTYPE

After completing the reasonable optimization design and
the finite element analysis of the exoskeleton model, the
exoskeleton base parts are manufactured according to the
part drawings and processed according to the bending
process of the structural design, and the exoskeleton
prototype is finally completed. The physical prototype of

the exoskeleton is shown in Figure 11.
S

) ' 5

Figure 11. Exoskeleton physical prototype

5. CONCLUDES

In this paper, based on the theory of the variable density
method, external skeletal completed topology optimization
design and finite element analysis, finally in the case of
reduce stress deformation of the structure, designed a
structural material layout is reasonable, suitable for
different people wear the new rehabilitation training
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exoskeletons and prototyping, materials saving rate of
12.16%, in the whole quantitative production, will greatly
reduce the production cost, improve the utilization rate of
resources, and other products for the exoskeleton robot
light weighting design provides a feasible method.
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Abstract: Neuropathic pain (NP) derived from
neurodegenerative disorders has gained increasing

interests recently. As a typical kind of neurodegenerative
disease, Alzheimer’s Disease (AD) is reported to have the
feature of NP. Currently, it is considered that NP is closely
related to the neuroinflammation, during which mast cells
(MCs) are considered the essential responders and are able
to initiate and augment immune responses in AD.
Interactions between MCs and microglia, astrocytes, and
neurons can induce and magnify NP through releasing
allogenic  substances like inflammatory  factors,
chemokines, cytokines and histamine. Furthermore,
external and macro factors like injury and stress can
accelerate the process of NP. Summarizing available
researches in this field, we aim to elucidate the
involvement of MCs with glial cells, neurons, and high-
level factors, and to provide a new insight into MC-related
NP in AD.

Keywords: Neuropathic pain, Mast cell, Alzheimer’s
Disease

1. INTRODUCTION

Neuropathic pain (NP) stemming from injury to the
peripheral or the central nervous system (CNS) is a
persistent and intractable type of chronic pain described as
stabbing, burning, and electrical[1]. Due to the lack of
effective means of control, NP has placed a considerable
burden on both individuals and society. It has been
considered that the generation and amplification of NP are
involved with a variety of neuroimmune processes, in
which many immune cells such as mast cells (MCs)
participate[2]. Facilitated by their close proximity to nerve
fibers in the periphery and meninges of the spinal cord and
the brain, MCs located in the CNS play a critical role in
neuroinflammation and thus neuropathic pain[3].
Interacting with various molecules or cells, MCs have been
found to release active mediators, primarily histamine and
serotonin on degranulation in response to different stimuli
including chemical, nerve damage, toxin or disease-related
conditions[4].

Alzheimer’s disease (AD) is an irreversible
neurodegenerative disease, clinically characterized by
progressive impairments of memory and cognition[5]. In
past decades, researchers placed greater focus on the
cognitive and behavioral disorders of AD patients and
created many treatments and drugs to improve the clinical
manifestations of dementia. With the growing demand for
enhancing the quality of life, neuropathic pain concomitant
with AD has gradually gained increased attention.
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Currently, a number of experiments have proved directly
or indirectly that MCs occupies an important position
during the development of neuropathic pain mediated by
neuroimmune mechanisms [6]. However, pertinent
reviews to summarize and sort the mast cell-related NP in
Alzheimer’s disease are lacking. In this brief review, we
summarized the best available knowledge on AD-related
neuropathic pain from mast cell-glial cell interaction, mast
cell-neuron interaction, and  high-level factors.
Furthermore, we discussed the limitations of existing
studies and offered some recommendations for future
research.

2NEUROPATHIC PAIN DERIVED FROM MAST
CELL-GLIAL CELL INTERACTION

The impact of neuropathic pain relating to MC-glial cell
interaction has been well researched. Across all relevant
glial cells, microglia and astrocytes are mostly studied[7].
With regard to mast cell-microglia interactions, many in
vitro researches have revealed the origin of NP from
molecular pathways mediated by inflammatory factors.
Under neuroinflammation processes involved in AD, it is
accepted that mast cells can release histamine to activate
microglia through histamine receptors H1 and H4. And
activated microglia secrete subsequently neurotoxic
substances such as TNF-a, IL-6 and IL-1B[8], which have
been proved to serve as algogenic substances through
mechanisms of nociceptive neuron sensitization or
algesiroreceptor-ligand combination[9]. Due to brain mast
cells are characterized of a tryptase-chymase positive
phenotype[7], a few studies have established the
relationship between mast cell tryptase and proteinase-
activated receptor. In AD-related neuroinflammation, mast
cells can release granules containing tryptase[9]. The
tryptase can activate proteinase-activated receptor 2
(PAR2) receptors on microglia, leading to chronic pain
through the secretion of algogenic substances such as TNF-
a, IL-6, and reactive oxygen species (ROS)[7].
Bidirectionally, IL-6 and TNF-a are reported to affect the
expression of toll-like receptor and proteinase-activated
receptor, which is likely to influence the effect of mast cell
activation and degranulation[10]. Apart from classical
factors mediating interactions between microglia and mast
cell, more and more attention has been paid to molecules
discovered recently, such as glia maturation factor (GMF),
a kind of intracellular proinflammatory protein associated
with the pathogenesis of AD[11]. On the one hand,
microglia can release GMF to stimulate the activation of
mouse and human mast cells, secreting some specific
proteases and other neuroinflammatory mediators
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implicated in the generation of neuropathic pain. On the
other hand, mast cells have been demonstrated to be
capable of expressing GMF, which can induce microglia to
release IL-1, further causing the neuropathic pain as a kind
of inflammatory factor[12]. Additionally, some
chemokines, receptors and other bioactive molecules
participate in the regulation of neuroinflammation in AD,
including the complement component 5a receptor (C5aR),
C-X-C chemokine receptor type 4 (CXCR4) and C-C
ligand type 5 (CCL-5)[13]. By alleviating or suppressing
inflammatory reaction, these factors can take effect in the
neuropathic pain derived from mast cell-microglia
interaction.

In terms of the neuropathic pain mediated by mast cell-
astrocyte interaction, many studies have provided in vitro
evidence in AD. Structurally speaking, mast cells and
astrocytes share perivascular localization in brain[14],
based on which researchers mimic the pathological
conditions of AD to culture these two kinds of cells
together, with a view to explore the relationship
functionally. The result showed that several inflammatory
mediators including histamine were released upon co-
cultivation, playing roles directly in the generation of
NP[9]. Like microglia, astrocyte also expresses histamine
receptors[7], which suggests that NP can be induced in a
similar way. As an important kind of pain-causing
substances, substance P (SP) is found to initiate NP in
neurodegenerative diseases. IL-33 secreted by astrocytes
can increase the expression of SP[15]. And by activating
MCs, SP lead to the release of a series of inflammatory
mediators, which can serve as algogenic factors.
Additionally, the bidirectional promotion of astrocytes and
MCs can produce cytokines and chemokines causing
neuropathic pain of AD, such as IL-6, TNF-a, monocyte
chemotactic protein 1 (MCP-1), and CCL-5[16], which is
similar to what tends to occur in mast cell-microglial
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interaction. The studies mentioned above have stressed on
the bidirectional communication between MCs and glial
cells, elucidating an essential mechanism of NP generation.
3.NEUROPATHIC PAIN DERIVED FROM MAST
CELL-NEURON INTERACTION

Compared with MC-glial cell interaction, the impact of
neuropathic pain in AD related to mast cell-neuron
interaction has not been well studied. It is mainly ascribed
to the fact that the functional interaction between mast cells
and neurons in vivo is not yet well characterized[17].
However, there have been in vitro experiments
demonstrated the correlation. According to a study realized
by Hagiyama, M. et al., there exists cell adhesion
molecule-1 (CADMI1) mediating the adhesion and
communication between sensory neurons and MCs[18].
This finding of the co-localization of neurons and MCs is
suggestive of neuro-immune interactions, which
potentially induce the neuropathic pain. Functionally,
Purcell and Atterwill have proved that MCs are similar to
neurons in many respects. Especially with regard to
synthesis of neurotrophic factors, and responsiveness to
neuropeptides and dopamine, MCs and neurons are
considered to have a strong connection due to
similarities[19].

From the perspective of pathogenesis of AD, a few studies
have revealed the association between A peptides and
mast cells. As these studies reported, MCs are thought as
one of the first brain cells that detect and respond to Ap
formation in the pathogenesis of AD[9]. In the progression
of AD pathology, MCs specifically identify AP peptides
and are activated to release inflammatory factors that are
implicated in neuropathic pain generation[20]. Moreover,
the process of AP aggregation can be induced by elevated
intracellular concentration of calcium, and thus lead to
hyperalgesia and allodynia, serving as a significant
mechanism in NP induction[21].

Table 1. NP-related interactions between MCs and other cells of the CNS.

Interaction Type NP-related Pathway Algogenic factors References
Histamine released from MCs activates microglia through | IL-1pB, TNF-a, IL-6, histamine [8,9]
ligand-receptor recognition
Tryptase released from MCs activates microglia through | TNF-a, IL-6, ROS [7,9]
PAR2
TNF-0 and IL-6 regulate the expression of TLR and PAR | Inflammatory factors [10]

) ) GMF expressed by MCs induces microglia’ secretion IL-1 [12]

MC-mu':rogha GMF expressed by microglia induces MCs’ secretion Inflammatory factors, protease [12]

interaction MCs & microglia communicate bidirectionally Chemokines, cytokines [13]

ligand-receptor recognition

Histamine released from MCs activates astrocytes through

IL-1B, TNF-a, IL-6, histamine [9]

IL-33 expressed by astrocytes induces SP-mediated MCs’ | IL-33, SP [15]
MC-astrocyte release
interaction MCs & astrocytes communicate bidirectionally MCP-1, CCL-5, IL-6, TNF-a. [16]
MCs activate through identifying AP peptides and ROS | Inflammatory factors, calcium [20,21,22]
secreted by neurons
MCs & neurons communicate bidirectionally SP, NT, NGF, MCP-1, CCL-5, | [23]
MC-neuron 1L-8
interaction MCs insert products into neurons to regulate | Inflammatory factors, | [24]
microenvironments neuropeptides, dopamine

Similar to AP peptides’ effect, increased levels of ROS in
AD can also activate MCs to release inflammatory

mediators[22], which are proved as algogenic substances
to conduct neuropathic pain. In addition, the shared
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commonalities of MCs and neurons have provided a basis
for interrogating neuron-secreted substances to explore
their association. Kulka et al. have found that
neuropeptides released from neurites, such as SP,
neurotensin (NT) and nerve growth factor (NGF), can bind
to and activate MCs either by G-protein dependent
pathways[23]. SP can also induce degranulation and
release of cytokines and chemokines, such as MCP-1, IL-
8 and CCL-5[23], which have direct algogenic effects to
mediate NP. In particular, there is a process termed
transgranulation involved in NP in CNS neurons. It means
the fact that MC-derived products can enter adjacent
neurons and insert their granule contents. Through such a
way, MCs can alter the intracellular environment of
neurons, suggesting that the transgranulation process may
affect immunology factors secretion and further regulate
the neuropathic pain[24]. Previous studies mentioned
above discussed the neuropathic pain in AD with an eye on
interactions between neuron and mast cell, which is
complementary to MC-glial cell interaction.

4 MC-RELATED NEUROPATHIC PAIN AFFECTED
BY HIGH-LEVEL FACTORS

Systematically, the pathogenic process of AD can be
influenced by externality. Many high-level factors, macro
and external, can initiate or magnify the
neuroinflammation in AD. Accordingly, MCs are potential
to respond to these factors and induce neuropathic pain.
Several lines of evidence indicates that mast cell activation
could accelerate the progression of AD pathology in high-
risk group patients with brain injury, trauma, stress
conditions and so on[25].

It has been already reported that IL-33 can be released
upon injury[26]. Confirmed as an alarming cytokine, IL-
33 can stimulate MCs and microglia to alert the innate
immune system, which result in a substantial amount of
cell proliferation and synthesis of algogenic mediators
such as IL-6, IL-8, and IL-13[16]. From an inflammatory
point of view, mediators released from the activated MCs
are able to increase the vascular permeability and the
expression of integrins, facilitating inflammatory cells to
migrate to the site of injury[27]. Then like typical
neuroinflammation process associated with NP, the
inflammatory reactions are initiated or enlarged.

In terms of stress condition, previous researchers have
found that the release of corticotropin-releasing hormone
(CRH), a key factor in physiological adaptation under
stress, have impact on MCs to conduct the progression of
AD[28]. The accomplishment of this role relies on mast
cell-glia interaction and mast cell-neuron interaction,
which are mediated by numerous neuroinflammatory
factors including cytokines, chemokines, and other
neurotoxic mediators such as tryptase, histamine, IL-1p,
TNF-a, IL-6, CCL-2, IL-8, ROS, and matrix
metalloproteinases (MMPs)[29]. These factors are related
to the origin of neuropathic pain directly. Also, stress
increases blood brain barrier (BBB) permeability and
recruits more immune and inflammatory cells including
mast cells, which tends to magnify neuropathic pain in
turn[12]. In summary, various conditions including stress
conditions and injury may induce or augment
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neuroinflammation in AD pathogenesis, which directly
influence the generation and amplification of neuropathic
pain.

5.DISCUSSION

An obvious limitation of past researches is the experiment
method selection. Among all the primary studies cited in
this review, in vitro assays or additional experiments in
animals are mostly carried out. While the most persuasive
approach of randomized controlled human trials is rarely
used. This could be due to the fact that there was
insufficient evidence to clarify MC-related NP in AD,
which did not fulfill the ethical requirement of human
experimentation. Despite the lack of high-quality evidence,
from available data we can construct a simple network to
describe the association between MCs and NP. We believe
that to conduct in vivo experiments in animals and further
to link results with clinical data will make us gain more
insight into this field. Secondly, there is deficiency in
previous pharmacological experiments. For signal
transduction pathways of mast cell-glial cell interaction
and mast cell-neuron interaction, many attractive targets
have not been designed to receive intervention yet.
Therefore, it is feasible to intervene positively in
neuropathic pain generation mechanisms in future research,
which is also essential for the development of new drugs.
6.CONCLUDING REMARKS

Mast cell activation is implicated in the generation and
augmentation of neuropathic pain. Mediated by
neuroinflammation, the induction of mast cell-related
neuropathic pain in AD have many pathways in different
kinds of mechanisms. In mast cell-glial cell interaction and
mast cell-neuron interaction, various inflammatory factors
can act bidirectionally to initiate and magnify nociceptive
signals. Some specific substances like AP peptides, ROS
and particular processes like transgranulation activate MCs
and induce neuropathic pain via ligand-receptor binding of
nociception and receptor sensitization as well. Furthermore,
these effects can be facilitated and amplified in conditions
of brain injury and stress. In all, the aim of this field is
ought to inhibit the pathogenesis and alleviate the
neuropathic pain of AD. It could be explored as a new
direction to select appropriate targets of mast cell-
associated inflammatory pathways and perform
therapeutic interventions. Though the relevant evidence is
currently limited, interrogating the role of mast cell-related
neuropathic pain is a meaningful work to understand and
treat neuroinflammatory disorders including AD.
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Abstract: The inspiration and elements of furniture design
in the new art period mostly come from the use of Rococo
style curve style and natural elements. It is a design
method for artists and designers to learn from the elements
of historical tradition to combat the roughness and
aesthetic deficiency of industrialized furniture. At the
same time, the furniture design in this period not only
stays in the inheritance and reference of Rococo style, but
also focuses on its transformation and promotion, trying
to find a new and more suitable form of furniture design.
Key words: Art Nouveau Furniture Design; Rococo Style;
Reference; Transformation

1. ART NOUVEAU MOVEMENT AND ROCOCO
STYLE

At the end of the 19th century, the Art Nouveau movement
was regarded by some theorists as a "conscious return to
the European romantic artistic tradition". This is mainly
due to the fact that many works in the design field during
the Art Nouveau movement tried to draw on the design
elements and design forms from the traditional Baroque
and Rococo styles, so as to combat the problems of the
current industrial design products' rough manufacture and
lack of aesthetic taste. At the same time, the Art Nouveau
movement has also been contradicted and criticized.
British critic ERD Duncan once wrote: "the chaos in the
field of art and design has swept through France, Germany,
Austria and Italy. In this kind of art practice known as the
new art movement, metal materials are designed into
interesting and unnatural shapes; the chair looks like a
rough and embarrassing stump; the box can use countless
ropes Around it... " Although Duncan made the above
description in a negative tone, he pointed out some
essential features and design styles of furniture design in
the new art period, such as the use of curves and the
imitation of natural modeling. The conscious return to the
traditional style reflects the colorful and complicated
artistic style of the new art movement at that time to a
certain extent.

(1) Art Nouveau

The so-called "new art" in the history of Western art is Art
Nouveau. This is a proper noun. It is a French word.
Strictly speaking, "Art Nouveau" movement is a
nonstandard name. It refers to a kind of art design trend of
thought and general fashion of art practice which rose in
the West more than 100 years ago. It is also an important
turning point in the history of Western arts and crafts, and
a great development of Arts and crafts in Europe.
Compared with other art styles in history, although the
new art movement is "new", it does not exclude the
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reference to the traditional art style, such as the Rococo
style. The achievements of Rococo style in decorative art
have greatly inspired and influenced the concept and
practice of Art Nouveau, especially for furniture works
with new art style.

(2) Rococo style

Rococo art is a kind of art form or artistic style, which was
produced in France in the 18th century and widely used in
interior decoration and home design. Rococo style pursues
delicacy and elegance with exquisite details, and is keen
on pursuing asymmetric composition. Its craft, structure
and lines have the characteristics of mildness and softness.
Its decorative theme has a naturalistic tendency. It is good
at using rich and changeable curves and asymmetric and
unbalanced forms to carry out decoration composition
design, giving people a strong dynamic visual impact and
pride Gorgeous impression. It is particularly worth
mentioning that the form of furniture is completely
consistent with the decoration of interior furnishings and
interior walls, forming a complete new concept of interior
design. The furniture of this period is usually decorated
with beautiful curve frame, brocade, precious wood
patches and gilded surface, which not only forms an
extremely luxurious overall feeling in vision, but also
achieves an unprecedented degree of perfection in
practical and decorative effect. The artistic style of this
period provided an important ideological source for the
development of the art movement. The furniture design in
the period of Art Nouveau movement obtained many
design elements and inspiration to realize the exploration
of new furniture form.

2. INHERITANCE AND REFERENCE OF ROCOCO
STYLE IN ART NOUVEAU FURNITURE DESIGN

(1) Curvy style

One of the sources of Rococo's new art design ideas is
Rococo's new art style. Rococo was mainly popular in the
18th century of Louis XV. At the end of the 19th century,
under the background of the beginning of modernity, art
designers made a new interpretation of the patterns of
animals and plants, such as curve, asymmetry and vortex,
which were emphasized by Rococo style. The spirit of
new art advocates imitating nature, using highly refined,
organized and structured natural elements such as plants
and insects to express the vitality of the natural world and
the creative energy of humanistic spirit. The furniture
works in the new art period widely used the curve form,
saying goodbye to the rigid and simple straight line. The
most important characteristics of organic materials and
curvilinear means are full of vitality and flowing charm.
In this regard, new art and Rococo have the same
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wonderful, the latter also emphasizes the use of a large
number of lively patterns, including curve body, spiral
shape, swirl pattern, wavy and so on. These make art
nouveau furniture and Rococo furniture both have a soft
melody and a distinct sense of movement, there is a clear
style of kinship between the two.

Rococo decorative style often uses asymmetric techniques,
especially the use of arcs and curves in design works.
Rococo period furniture design works are also known for
their asymmetric light and slender curve style. This period
of furniture design has become an unprecedented
prosperity with a historical landmark form of existence.
After that, with the development of industrial revolution,
the number of furniture produced in industrial batch
increased. Because of the batch limitation of production
technology, the industrial furniture products abandoned
the various decorative forms, and the furniture presented
the situation of "thousands of people face each other".
This is what the artists and designers in the new art period
can't tolerate, so the artists in various European countries
began to reflect, trying to seek design elements from the
traditional decorative style to apply to the furniture design
at that time, in order to fight against the roughness and
repeatability of large industry. Rococo style is the most
used style at that time, and its representative curve
elements also frequently appear in the furniture design of
the new art period.

In this period, the details of furniture design have obvious
classical style, such as the combination of curve and
straight line, the application of curve pattern in furniture,
and the characteristics of furniture materials, such as the
bending and stretching process of wood through high
temperature steam, all make the furniture design of this
period present a sense of getting rid of industrialization
and having classical decorative aesthetic meaning. For
example, in 1899, a dressing table designed by the Belgian
designer seruai bove put special emphasis on the aesthetic
consideration of the curve in the whole modeling. The
whole modeling of the dressing table mostly uses the
bending of wood to form an arc, and the arc at the top of
the mirror and the arc at the top of the leg form a
harmonious echo. Many of the furniture works of Calais,
a representative of the Nanxi school in the same period,
also strive to seek new significance in the use of curves.
The glass cabinet designed by him adopts a large number
of curly curvilinear shapes and plant patterns, which
reflects the designer's extremely high artistic techniques
and ideas, and also reflects the inheritance and reference
of the 18th century Rococo style decorative elements.

(2) Naturalism

The use of many natural elements in Art Nouveau
furniture is exactly inherited from the Rococo style. Wilde,
an aesthete, once described the imagination of naturalism
in the new art style: "all the flowers on the grassland
should be allowed to surround your pillow with their
branches, so that every small leaf in your huge forest can
provide their shapes as patterns, so that the wild rose and
its curly branches will live forever in the carved arches,
windows and marble On

In this period, designers began to use a large number of
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natural plant modeling as the prototype reference and
detail decoration of furniture design. The mellow details
and plant patterns are still a reflection of Rococo style.
Before that, William Morris, an outstanding
representative of the arts and crafts movement, put
forward the slogan of "learning from nature". The
following trend of Art Nouveau decoration clearly stated
in the Declaration: "our roots are in the secluded forest, on
the side of the spring, on the moss". Furniture designers
try to use the Rococo style to resist the rough
industrialization and the lack of aesthetic taste.

French designer Gaillard designed and produced the chair
around 1905. The decorative patterns on the top absorbed
the asymmetric elements of the Rococo period furniture
design style. The leather of the back was printed with plant
flowers and leaves with rough lines, and the leather and
walnut frame were connected by copper rivets. The
feature of this work is that there is no armrest. The back is
connected with the first two of the four legs in an arc
transition. The end of the leg is treated as a square animal
claw shape, corresponding to the plant patterns on the
back, so that the two life forms of animals and plants are
integrated. Art Nouveau designers try to save the innocent
and pure taste of life by cherishing nature. Through careful
observation, bold creativity and meticulous conception,
they introduce natural elements into various furniture
designs and decorate people's daily life through artistic
abstract ways.

Artists and designers engaged in the Art Nouveau
movement, in an era of old things residue and new things
sprout, strive to call for the emergence of new design
forms, but also have a liberal and open attitude towards
the past history. They can realize the necessity of
extracting the elements they need from the history
resources, so the furniture design of this period is very
important Most of the products present a trend of
revivalism with rococo legacy.

3. IMPROVEMENT OF ROCOCO STYLE IN ART
NOUVEAU FURNITURE DESIGN

The transformation of Rococo art by Art Nouveau is also
obvious: in order to resist the rigid purely realistic and
naturalistic decoration, artists and designers of new art
style pay more attention to the creation and use of pure
image elements in addition to realism. The natural motif
of realism is transformed into a free means to express its
decorative concept. The deformed plants, overlapping
branches and leaves, and winding vines all make the
furniture full of tension and vitality. Art Nouveau
movement is not only a relive of the old dream of Rococo
style, but also a transformation and improvement of
Rococo art under more developed social conditions.

The furniture design in the new art period is not only
satisfied with inheriting and borrowing elements from the
traditional Rococo style, but also trying to find out how to
combine the retro elements with the current aesthetic
needs of the people. They try to express modern
consciousness with historical elements and speculate
about the possible design styles in the future. Van der veld,
a Belgian decorative artist, is one of the artists who are
trying to explore in this field. He advocated that the
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principles of deconstruction and functional attention
should be adhered to in furniture design, and the attached
decoration should be reduced as much as possible. In fact,
his ideas are very close to some demands of modernism
design principles. The only difference is that modern
design is aimed at the common people's aesthetic design
demands, while Verde still emphasizes the aesthetic
service for people above the middle class. His furniture
works generally have round curve modeling and smooth
streamline structure, still flowing with the legacy of
Rococo style, but compared with them, they have a great
transformation of rich rationalism. The oak bedstead,
designed in 1899, is generally more natural and even
slightly rough, but the round and delicate arc outside
indicates that the work has been carefully designed. He
expressed his appreciation for the new art learning from
the traditional style of Rococo and personally practiced it,
but at the same time he tried to get rid of the shackles of
natural elements on the new art thought.

During this period, the "new" artists and "new" designers
of different countries, while looking back at the history,
are trying to seek and explore the possible furniture styles
in the future. While inheriting and drawing lessons from
Rococo style, it also emphasizes the practicality of design
and the simplification of decoration. For example,
German designer Berens designed the oak round table in
1900. It is vertically divided into six parts from top to
bottom, and its top table, middle support and bottom panel
are all connected and assembled by six parts. The support
in the middle is like a vase in the shape of an urn, and the
six curved scrolls around it hold up the tabletop. The
overall shape is simple and unified, which has the
aesthetic style of modernism design and the aesthetic
meaning of classical decoration. It is one of the
representative works of furniture design in the new art
period, which is trying to transform and explore while
learning from the classical Rococo style. At the same time,
a series of works designed by the members of Austrian
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Separatists were also trying to transform the furniture
design with classical decorative aesthetic significance,
and a number of furniture design forms with the budding
of modern design appeared. These furniture designs are
focused on the organic nature of the natural elements of
the traditional Rococo style emphasized by the new art,
through simplifying the decoration, focusing on showing
the aesthetic value of furniture raw materials to realize the
exploration of new forms of design, which is the
promotion and transformation of the Rococo style.
Epilogue

Art Nouveau furniture design is a great march with
idealism color to explore the unknown life style at that
time. His conscious return to the Rococo style carries the
memory and review of the historical style, so that those
faces and pictures which are slightly dim with the passing
of time will be suffused with brilliance again, showing
people's recognition and nostalgia for the past historical
life style. The innovation and transformation of furniture
design also tells people's conjecture and unremitting
exploration of scientific achievements and future life style.
The continuous review and exploration practice of Rococo
style in Art Nouveau furniture design is not limited to the
narrow concept of decoration field or art world, but is
further regarded as a unique representation of human
modern civilization.
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Abstract: Accounting major is involved in the calculation
of enterprise financial statements and financial statements,
as well as the study of the assets and income of enterprises
in the business cycle. As the accounting profession
requires highly professional ability and quality of
accountants, colleges and universities need to train
students' professional quality and practical operation
ability when cultivating students majoring in accounting.
However, in the traditional teaching process, there are
many problems in Colleges and universities, such as the
lack of teachers, the outdated teaching evaluation system
and the lack of practical operation courses. These
problems lead to the weak practical ability of accounting
students. Therefore, colleges and universities need to find
appropriate measures to deal with these problems and
solve them timely and effectively, so as to ensure that
accounting students not only have achievements in
academic ability, but also have certain experience in
practical operation, so as to provide guarantee for their
future work. This paper starts with the reasons for the lack
of practical ability of accounting students in Colleges and
universities, and discusses the ways to cultivate the
practical ability of accounting students.
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1. CONTENT OF PROFESSIONAL ABILITY OF
ACCOUNTING STUDENTS

In 2014, the State Council put forward the training policy
and plan for accounting students in Colleges and
universities for the accounting industry. The plan clearly
proposed that accounting students should be trained into
professional talents with excellent professional quality
and practical operation ability. Accounting practice is one
of the most important standards in accounting teaching.
Therefore, in the teaching process of colleges and
universities, the cultivation of students&apos; practical
ability should run through the whole process of teaching,
and the practical ability and theoretical teaching should be
put in the common important position.

In recent years, with the rapid development of economy,
under the new normal of economy, the state has issued
new requirements for accounting major, and has planned
in detail the three abilities that accounting students must
possess. The first ability is the qualification of accounting
students.Because the accounting industry needs
practitioners to have the corresponding professional
ability and qualification certificate, the professional
qualification certificate is also the guarantee of accounting

students&apos; professional ability [1].The second ability
is the professional quality of accounting students,
accounting students not only need to have excellent
professional ability, so that they can ensure the completion
of enterprise financial related work in the future work.In
addition, more important than professional ability is the
professional quality students need to have.In recent years,
the criminal cases committed by financial personnel of
some enterprises are endless, which is the reflection of the
lack of relevant professional quality of accounting
personnel. Therefore, relevant colleges and universities
should pay attention to the cultivation of students&apos;
professional quality, so that they can abide by the relevant
rules and ensure the integrity of work.In addition, another
ability is the management ability of accounting students,
accounting students not only need to have the
corresponding professional ability and professionalism,
but also need to have a certain management ability,
because accounting work in the long-term work process,
will face complex work content and need to be treated
strictly data, and for the future career planning students
should also have the abilityCertain management
ability. Therefore, the school should cultivate the
students&apos; abilities in some ways to make them more
proficient in the future work process, be able to flexibly
deal with some problems in the work, and deal with them
through their own learning.

2. THE REASONS FOR THE LACK OF PRACTICAL
OPERATION ABILITY OF ACCOUNTING MAJORS
IN COLLEGES AND UNIVERSITIES

(1) The teaching staff has relatively shallow qualifications
and insufficient ability

Under the guidance of the national training policy for
accounting students, the school also attaches great
importance to the cultivation of students&apos; relevant
ability.But in the process of training, there will be many
problems, the most important one is the lack of
comprehensive ability of teachers.Among the accounting
teachers in Colleges and universities, most of them are
fresh graduates or graduate students, so their practical
experience and practical ability are relatively
scarce.Therefore, colleges and universities pay more
attention to the teaching of relevant theoretical knowledge
when teaching accounting majors, but there are some
negligence in the teaching of practical operation related
ability.The lack of accounting experience of accounting
teachers in Colleges and universities directly leads to that
they only carry out some written teaching and pay
attention to theory.However, accounting is a discipline
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that requires practical operation ability. Therefore,
colleges and universities need to innovate the teaching
staff and introduce fresh blood.

(2) The teaching assessment method is backward
Another major factor affecting the practical operation
ability of accounting majors in Colleges and universities
is the backward teaching and assessment methods in
Colleges and universities.The assessment method of
colleges and universities is "classroom performance +
final examination results". Such a traditional assessment
method also makes college teachers ignore the cultivation
of students&apos; practical operation ability. Not only
that, but also breed some bad phenomena, such as leading
students to form the thought of "only score theory, only
score theory", and only want to achieve a good result
[2].In class, students focus on class check-in and ignore
the learning of class content. When they are unable to
attend class, they even look for someone to sign in for
them.In the long run, this phenomenon is more common,
which seriously disrupts the classroom order, leads to the
chaos of the style of study, and students ignore the
learning content.

(3) There are few practical operation courses

In most colleges and universities in China, the lack of
practical operation courses is also the reason for
students&apos; weak practical ability.Accounting major
has higher requirements for students&apos; practical
ability, which requires students to carry out corresponding
practical training. Only in school, students can have
certain practical experience, then in the future work can
they be handy and flexibly deal with some financial
problems.However, in Colleges and universities, due to
the lack of teachers in Colleges and universities, and the
lack of experience in the practical operation courses of the
accounting department, although some colleges and
universities have set up relevant courses, they are still in
the exploratory stage, lacking a systematic management
experience.The lack of practical operation courses in
Colleges and universities also directly leads to the lack of
attention and interest of students for practical
courses.Students&apos; interest in practical courses is not
high and attention is not enough, as well as less efficient
practice courses, resulting in students&apos; general
practical operation ability [3].

3. WAYS TO CULTIVATE THE PRACTICAL
ABILITY OF ACCOUNTING STUDENTS IN
COLLEGES AND UNIVERSITIES

(1) Improve teachers&apos; practical experience and
operation ability

For the lack of teachers in Colleges and universities,
colleges and universities should pay attention to the
problem. In the recruitment of teachers, we should not
only pay attention to teachers&apos; academic
background, but also pay attention to teachers&apos;
practical experience.In addition, for the accounting
teachers in Colleges and universities, the school should
also organize relevant lectures and learning activities,
invite experts and scholars from the accounting industry
to give lectures in Colleges and universities, so that the
accounting teachers can improve their academic ability
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and learn some accounting experience.In the future
teaching process, teachers can also carry out relevant case
teaching, so that students can not only carry out some
written learning, but also learn from practical cases, which
can effectively stimulate the learning interest of
accounting students, and also meet the new national
teaching policy for accounting students.The improvement
of teachers&apos; practical experience and operation
ability is of great help to improve the practical ability of
accounting students [4].

(2) Reforming backward
examination system

In the traditional assessment of accounting major in
Colleges and universities, teachers usually use classroom
performance and final examination results as the
assessment method.For example, in order to get a good
score, students will focus on some formal small things,
such as answering in class. If the students can&apos;t sign
in in in time one day, they may even find someone to
answer for themselves.Such a situation will also seriously
disrupt the teaching order, not only can not achieve the
purpose of classroom teaching, but also breed some bad
habits, so that students can not learn the relevant learning
content at all, but will form some bad learning methods,
such as "fraction only theory".Therefore, in the future
teaching process, the school should vigorously reform the
teaching methods and assessment system, take some
practical operation courses as the main teaching direction,
and increase the cultivation of students&apos; practical
ability.In the final assessment process, the school needs to
improve the assessment method, take the students&apos;
practical ability as the focus of the assessment, and
organize some accounting related skills competitions to
assess the students&apos; practical ability [5].

(3) Enrich students&apos; training projects and operation
opportunities

Previously, colleges and universities used to pay attention
to the cultivation of accounting students only in academic
theory, but this kind of teaching form will cause many
problems, such as students&apos; lack of practical ability,
single school teaching method and lack of classroom
teaching vitality. Therefore, colleges and universities
should improve teaching methods and actively carry out
some practical activities, such as arranging students to
practice in some enterprises, setting up accounting
laboratories and carrying out practical training in the
classroom.According to the characteristics of the
accounting major, the school can actively carry out long-
term cooperation with some enterprises, arrange
accounting students to practice in enterprises, which can
not only effectively exercise students&apos; time
operation ability, but also cultivate reserved talents for
enterprises.In addition, the school should establish
relevant accounting laboratory and introduce some
hardware and software facilities to provide equipment
guarantee for students&apos; practical operation ability.In
the classroom training, teachers can use Excel financial
management application or financial management
curriculum design, and comprehensive training can use
advanced financial audit or ERP sand table experiment.In

teaching methods and



International Journal of Computational and Engineering

some specific practice process, teachers can guide
students to use computers to do accounts, so that students
can effectively use the relevant electronic equipment.The
above practical operation opportunities can effectively
provide some practical operation platforms for students
and effectively cultivate their practical operation ability
[6].

4.CONCLUSION

In recent years, accounting fraud cases occur frequently in
enterprises, and the state attaches great importance to such
cases, and has issued specific training programs for
accounting majors, which require students to have
professional ability, professional quality and management
ability.However, in the traditional accounting teaching in
Colleges and universities, the school pays more attention
to the cultivation of students&apos; practical ability. The
reasons for these problems are the lack of professional
teachers, the lack of courses and the students&apos;
insufficient attention to practical ability.Based on the
above problems, the school should take corresponding
measures in time, by updating the teaching team, training
teachers&apos; professional ability, adding relevant
practical courses and reforming the teaching evaluation
mechanism of the college [7].
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Abstract: As an important cornerstone of contemporary
social development, the quality of college students has
been widely concerned. In recent years, there are many
moral conflicts, and because college students are still in
the shaping and stereotype, in the spiritual level, they are
more vulnerable to the influence of the outside world, so
there are some problems in the aspect of moral quality,
which need to be cultivated. This article will talk about
some superficial opinions on the measures to cultivate
moral quality. Today is in an information age, people's
communication is becoming more and more convenient,
and the mutual influence between people is also
expanding. Each person's behavior will inevitably be
affected by other people's thoughts, so as to change their
own moral quality. The communication between people
needs to have good moral quality. As the favored son of
heaven, college students should have noble moral quality.
Only in this way can they grow up healthily and become a
person in line with the requirements of contemporary
social development.
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1. ENHANCING COLLEGE STUDENTS'
COGNITION

(DLet college students understand what is moral quality
From the previous research and analysis, in terms of
influencing factors, college students themselves occupy
an important position. Therefore, if we want to solve the
problems existing in the cultivation of local college
students' moral quality, we must first make them
understand what is moral quality. There is a saying that
"those who do not know are fearless", and Youdao is able
to better restrict their own code of conduct only when they
understand it. Only when students understand what is
moral quality and what is its connotation, can they use the
code of conduct of moral quality to restrain themselves
and make their words and deeds approach the direction of
good moral quality. If contemporary college students don't
know what moral quality is, how can they judge whether
they have good moral quality?

@Let local college students understand the significance
of good moral quality

College students should not only know what moral quality
is, but also understand the significance of good moral
quality. Take honesty and trustworthiness as an example,
if college students can have the good moral quality of
honesty and trustworthiness, then they will have a set of
their own way of doing things, which can convince the
surrounding relatives and friends. In today's information
age, more and more people value the good moral quality
of honesty and trustworthiness. In addition, it has more
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significance to have good moral quality. From a small
point of view, it can help contemporary college students to
shape the correct three outlooks, so that their relatives and
friends around them are beneficial; from a large
perspective, it not only benefits the surrounding, but also
is useful to the society.

(3Pay attention to the positive moral cognition of college
students

In addition to the above two measures, there is an
important problem is not to let college students have a
conflict with the cultivation of moral quality. We all know
the influence of personal emotion on our own behavior.
When we judge a thing, everyone will be affected by their
own subjective factors, and the judgment results will more
or less have subjective factors. Therefore, in the process
of cultivating the moral quality of contemporary college
students, we should pay attention to the positive moral
cognition of contemporary college students. Once college
students accept good moral quality from emotion, they
will be strict with themselves in behavior, which is
conducive to the cultivation of good moral quality of
college students.

2. CULTIVATING GOOD MORAL EMOTION FOR
COLLEGE STUDENTS

(D Parents should establish a positive family atmosphere
Among the causes of the problems existing in the
cultivation of moral quality of local college students, the
influence of family has been discussed emphatically, and
in this aspect, the influence of parents is very important.
Therefore, how the family atmosphere of college students
is very important.

In order to develop a good moral quality of college
students, parents should establish a positive family
atmosphere, so that children can more easily develop a
positive character, have good moral character, give
positive affirmation to moral emotion, develop moral
quality and have moral emotion.

(2Set an example and teach by example

Imitation is the survival instinct of human beings, and
college students in their adolescence can imitate
everything of others. We all know that the influence of
teaching by example and words on people can not only
make people change themselves unconsciously, but also
avoid being contradicted by the parties. We are deeply
influenced by their words and deeds. If parents have good
moral quality, noble conduct, then in the day and night
together can slowly affect the child's behavior, let the child
form a good moral quality. On the contrary, if parents
behave badly and behave rudely, the children will also
catch the bad habits of their parents. Therefore, we must
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pay attention to parents to develop good behavior, to set
an example, teach by example.

3. POSITIVE AFFIRMATION OF MORAL BEHAVIOR
(D Improve the status of moral education and increase the
intensity of moral education

Our leader stressed that we should comprehensively
implement the party's education policy, follow the law of
education, accelerate the modernization of education, and
run a satisfactory education for the people.

The contemporary society should cultivate all-round
development of contemporary college students, rather
than only focus on intellectual education. For the
cultivation of College Students' moral quality, it is far
from enough to strengthen the education, but also to
improve the status of moral education and increase the
strength of moral education. Only when the position is
high and the strength is great, can the school pay more
attention to the moral education of college students, and
the students can contact with the moral education for a
longer time and have a deeper understanding, which is
more conducive to the cultivation of the moral quality of
local college students.

@ Improve teachers' moral quality and develop good
moral behavior

Many teachers in the ideological and moral classroom
have lowered the requirements of students: as long as
people can be in, do not make trouble[1]. The problems
existing in the cultivation of moral quality of local college
students include that teachers attach importance to their
studies and ignore the cultivation of moral quality, and
students attach more importance to scores and do not pay
too much attention to their own quality cultivation.
Therefore, how the moral quality of teachers themselves
is of great significance to the moral quality of college
students. In the process of Cultivating College Students'
moral quality, we should also pay attention to improve
teachers' moral quality and train a group of high-quality
teachers.

(@Carry out the practical activities of cultivating the moral
quality of contemporary college students

In the school, in addition to strengthening moral education
and training high-quality teachers, the most important
thing is the students themselves. We should carry out
practical activities to cultivate the moral quality of
contemporary college students.

It is useless to cultivate the moral quality of college
students just by talking on paper. Therefore, it is necessary
to carry out practical activities to cultivate the moral
quality of contemporary college students. Colleges and
universities can carry out more practical activities to
cultivate the moral quality of contemporary college
students, so that contemporary college students can turn
the theoretical understanding of moral quality into their
own practical action, so as to really improve the moral
quality of contemporary college students and make them
have good moral quality.

4. ON THE MORAL QUALITY OF LOCAL COLLEGE
STUDENTS TO ACTIVELY SHAPE THE SOCIETY

@O Improve the social atmosphere and vigorously
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promote the core values

Mengmu, choosing the neighborhood and optimizing the
social moral environment, plays an important role in the
process of Cultivating College Students' good character
[2].

Nowadays, the society is filled with the atmosphere of
material and interest supremacy. Although college
students live on campus and have less contact with the
society, they can still be influenced by the social
atmosphere. What's more, under the impact of western
ideological trend, college students pay attention to fashion
and yearn for fashion craze, so they are more affected. In
order to cultivate the moral quality of college students, we
must improve the social atmosphere, vigorously carry
forward the core values, and create an atmosphere full of
positive energy in the society. In this way, college students
live in a world full of love and kindness, so that they can
easily grow into a towering tree.

@ Strengthen the propaganda of moral education
environment

General Secretary Xi Zhi pointed out at an online
conference: "cyberspace is the common spiritual home of
hundreds of millions of nations. The social atmosphere
can affect the moral quality of college students because of
the spread of ideology and culture and large-scale flow,
resulting in a large number of people. College students are
in a new era of positive and rapid development of science
and technology, and they have strong ability to accept new
things. Coupled with the existence of the Internet world,
college students will bear the brunt of the impact.

Due to the uneven moral quality of people, coupled with
the virtual network world, there is no mature legal policy,
which leads to the network world miasma, spread a variety
of vulgar, low interest culture.

Therefore, for the cultivation of College Students' moral
quality, we must purify the network environment, speed
up the implementation of relevant network laws and
regulations, and eliminate the bad wind of the network. At
the same time, we should make good use of the network
to educate people.

Today we are in a new era. As a college student, we
shoulder the great responsibility of national rejuvenation.
We must have good moral quality to make contributions
to the development of our country. College students are in
an information age, affected by various aspects. In
addition, college students themselves are still shaping and
shaping the three outlooks. They are not stable in terms of
moral cognition, moral emotion, moral will and moral
behavior. Therefore, it is necessary to cultivate college
students' moral quality and make them become a person
with good moral habits.
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Abstract: With the rapid development of science and
technology, the whole society has entered the Internet era.
In the fields of education, Internet-based teaching
equipment is widely used in teaching activities. The
flipped classroom, as the product of this era, not only
changes the traditional teaching mode, but also enriches
students’ teaching resources. Therefore, it is widely
discussed in the current higher vocational education. By
explaining the characteristics of the flipped classroom
teaching mode of the micro class, this paper aims to
analyze the features of flipped classroom mode, and puts
forward some suggestions to improve the practicability of
the flipped classroom mode in English classroom of
higher vocational colleges.
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1. THE INTRODUCTION OF TEACHING MODE OF
FLIPPED CLASSROOM IN MICRO CLASS

With the increasing progress of science and technology,
great changes have taken place in the teaching mode,
mainly showing in the application of multimedia teaching
equipment and the trial of flipped classroom teaching
mode in higher vocational colleges. The so-called micro
class flipped classroom is a form of education and
teaching activities through network technology, video,
online platform, etc. Micro-class flipped classroom has a
lot of differences with the traditional teaching mode and
reverses the traditional learning mode of students.
Students can learn through both offline independent
studying and online knowledge sorting. Faced with new
challenges, some vocational colleges have adopted the
flipped classroom teaching mode of micro class, but there
are still some areas for improvement. Therefore, we
should constantly update teaching ideas and methods,
improve the quality of classroom teaching, make better
use of the flipped classroom in teaching, and modify the
efficiency of classroom teaching.

Through the implementation of flipped classroom
teaching model, students’ autonomous learning mode has
been changed, such as the carrier of students’ learning in
the classroom. Pictures and audio, for English learning,
combined with audio-visual mode are of great
significance for students’ learning, which are conducive to
helping students create a good learning atmosphere and
enhance their language learning environment. In addition,
vivid and interesting video playback is conducive to
enhancing students’ learning desire, improving their
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motivation to learn, attracting their attention and
improving students’ concentration. Under the traditional
teaching mode, English classroom teaching is usually
dominated by teachers’ instruction and students’ passive
acceptance of knowledge. In addition, many teachers
usually use the full class teaching method when teaching
English, and some theoretical knowledge and basic
content are ignored, and the interaction between students
and teachers is also be neglected in the classroom. As a
result, students’ interest in learning is easy to disappear
slowly, and they often feel that English learning is boring.
However, the application of flipped classroom teaching
mode in micro class is conducive to improving the
subjectivity of students’ learning, strengthening the
effective interaction between teachers and students,
improving the depth and breadth of English learning, and
providing opportunities for students to find and solve
problems. Finally, in the process of offline autonomous
learning, because the learning object is one-to-one video,
they can repeatedly listen to the problems that they will
not encounter, so as to enhance students’ understanding of
knowledge and deepen their mastery of knowledge points.
In the process of English teaching, the application of new
teaching mode allows students to give up the traditional
passive learning and become active learning. In teaching,
teachers are no longer the main body of teaching, but can
start from the perspective of students and take the needs
of students as the teaching goal, which involves improving
students’ learning enthusiasm and promoting their
learning efficiency. Secondly, the teaching mode of micro
class flipped classroom enriches students’ learning
methods and enhances their learning efficiency. The
application of the teaching mode of micro class flipped
classroom also expands the depth and breadth of students’
knowledge. Students can be free to choose the suitable
time to watch micro class videos, deepen their
understanding of key and difficult contents in the
classroom, and achieve the purpose of a true
understanding of the knowledge points. Finally, through
the use of micro class flipped classroom teaching mode, a
good learning atmosphere is available for students. For
example, students can collect questions through the
platform of micro class, put forward questions. Teachers
can keep track of students’ learning before class and focus
on answering students’ difficult questions. In this way, an
effective interaction between teachers and students is
achieved. In addition, teachers can also realize real-time
interaction with students through the online platform of
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micro class flipped classroom. Students can ask questions
online immediately after encountering problems, and
teachers can also give timely answers. Such good
interaction can make students’ learning more convenient
and smoother.

2. THE APPLICATION OF FLIPPED CLASSROOM
OF MICRO CLASS IN ENGLISH TEACHING IN
HIGHER VOCATIONAL COLLEGES

2.1 Solve the key points and difficulties in English
teaching

Based on the current situation of English teaching in
vocational colleges, teachers apply the micro class flipped
classroom teaching mode to sort out the key and difficult
knowledge in the classroom for the purpose of improving
the classroom efficiency. To be specific, due to the
different foundations, students have different problems in
basic English reading. Some students do not have enough
vocabulary to understand the text. Some students cannot
understand the differences in English culture, while some
students have a good foundation and need to be further
improved. In the traditional classroom teaching, the
consistent practice is that the teacher solves the students’
problems one by one. It is easy to let students without the
same problem feel boring and the valuable time is wasted.
However, with the help of the flipped classroom teaching
mode of micro class, teachers record the problems of
different students by making different micro class videos,
so that students can learn the materials by themselves
before class. For example, for some problems of English
language expression characteristics, teachers can use
unified production for comparison, and use Chinese and
English proverbs to improve students’ interest in learning.
Teachers can solve students’ basic problems through
micro lesson videos before class. In classroom teaching,
teachers can conduct more classroom activities. After
class, the teacher can focus on some key problems and
difficult problems, assign targeted homework, strengthen
students’ memory of key and difficult knowledge, and
train students’ English thinking abilities.

2.2 Cultivate students’ self-study ability

During the application of micro class flipped classroom
teaching mode, first of all, we should establish a guiding
teaching context. Teachers should lay emphasis on
cultivating students’ autonomous learning ability and their
awareness of autonomous learning. Through a series of
guidance for students and the cooperation between
teachers and students to complete learning goals, students’
enthusiasm and initiative can be stimulated. What’s more,
a reasonable guidance context should be built to help
students set clear objectives, identify their own interest,
and improve students’ English comprehensive quality
from various aspects. In the process of micro class video
production, students’ interests and hobbies should be
taken full consideration, as well as the real levels of
learning. For the reasonable production of video content,
we should correct our own role, help students arrange
reasonable order to learn the micro lessons, and let
students learn from easy to difficult. Finally, we should
focus on the cultivation of students’ autonomous learning
ability by using the flipped platform of micro class. For
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example, we can carry out an online learning platform
system through mobile QQ and WeChat in teaching.
Teachers can release learning tasks through these
platforms in time, and share some English common sense
videos after class every day. An English short story video
can imperceptibly improve students’ comprehensive
English quality. With these platforms, students can
communicate with teachers and students in a timely
manner to ensure effective learning, guide students to do
after-class reflection, develop the habits of self-study and
thinking in English, and comprehensively consolidate
their English learning.

2.3 Innovation of English consolidation practice

In the current vocational English micro class flipped
platform course application, we usually use the teaching
platform of Camtasia Studio, which not only includes our
daily video recording, courseware production and other
functions, but also many post-school consolidation
exercise functions, which has important technical support
significance for teachers’ innovation and English
consolidation practice. In the traditional after-school
exercises of English course, students are usually
consolidated by paper-based exercises, which are easy to
make students feel tired and take for granted. In the
consolidation practice mode of micro class flipped
classroom, a more vivid and flexible way arises. For
example, the game setting of word breakthrough can be
introduced to help students memorize words in the process
of playing, so that students carry out vocabulary
memorizing in a relaxing and pleasant learning
atmosphere. In addition, English learning is by no means
point-to-point, and each knowledge point of English is
closely related. Therefore, in the review and consolidation
of knowledge points after class, we can also use the
platform of flipped classroom to integrate relevant
knowledge, help students sort out the knowledge
classification, so as to promote students’ mastery of
knowledge. The traditional assignment of homework is
generally based on writing, while the oral and listening
practice can not be effectively supervised. In the flipped
classroom teaching mode of micro class, all of the above
defects can be solved by means of dubbing. Finally, we
can share some English applications in specific work
situations after class, so as to improve students’ awareness
of the importance of English application in work, promote
students’ practical communication ability and enhance
their future employment competitiveness.

To sum up, the teaching mode of flipped classroom of
micro class can effectively solve many disadvantages of
English teaching in higher vocational colleges. The scope
and frequency of this teaching mode should be improved,
which can help English teachers solve practical problems
encountered in teaching, and improve the quality of
teaching. At the same time, it can make students get more
interested in English learning and cultivate students’
professional ability.
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A Study on Strategies for Freshmen to Learn
College English--from the Theory of
Constructivism
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Abstract: College English is a compulsory course for non-
English majors and plays an important role in higher
education. Starting from the syllabus and requirements,
guided by the constructivist learning theory, and based on
the author's years of experience in applied
psycholinguistics, the author analyzes the strategies and
methods for college freshmen to effectively learn College
English.
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1. NATURE AND OBJECTIVES OF COLLEGE
ENGLISH TEACHING

College English course teaching is an organic part of
higher education, and college English course is a
compulsory basic course for college students. It takes
English language knowledge and applied skills, learning
strategies and cross-cultural communication as its main
content, foreign language teaching theory as its guidance,
and various teaching modes and means as one teaching
system. The teaching aim of college English course is to
cultivate the students' English comprehensive application
ability, especially listening and speaking skills, to make
the college students in the future work and social activities
can effectively in both English written and spoken
communication. At the same time, to improve their ability
of autonomous learning, improve the comprehensive
cultural quality, to adapt to the inevitable requirement of
social development in our country and international
communication. The purpose of English teaching in China
must be clear, that is, to use the language as a carrier, to
enable students to read foreign relevant literature, to
understand foreign advanced science and culture, to
understand the culture and system of western society and
to carry out exchanges between China and foreign
countries. With the boom of new media, we can make use
of various teaching resources through the Internet,
enhance our understanding of the West by watching
Western movies and TV programs, give play to students'
thinking, emphasize the comprehensive application of
natural science and social science, and emphasize the
combination of science and humanities.

After the reform, the teaching content of college English
course should develop towards the direction of practicality,
should be of high interesting and cultural, should pay
attention to the combination of various teaching
equipment and teaching means, make good use of
multimedia resources and network resources. In terms of
teaching, it emphasizes a harmonious, democratic and

participatory learning atmosphere, which makes the
teaching scene more colorful and the teaching methods
keep pace with The Times. The evaluation system for
teachers should also be humanized and scientific, practical
and controllable, otherwise it will only exist on the surface.
There should also be relevant measures to encourage
teachers, mobilize the enthusiasm of teachers. Strengthen
students' subjective consciousness, make them actively
participate in learning, help them firm their faith, set up
goals, and strive towards the goal. As for the freshmen,
how can they adapt to the teaching and learning of college
English courses as soon as possible and successfully meet
the general requirements? Based on the constructivist
learning theory, this paper explores strategies for college
freshmen to learn English effectively.

2. CONSTRUCTIVIST LEARNING THEORY AND
STRATEGIES FOR EFFECTIVE LEARNING OF
COLLEGE ENGLISH COURSES

2.1 Overview of constructivist learning theory
Constructivism, which was first proposed by the Swiss
cognitive psychologist Piaget. This statement of Piaget
has a strong materialist dialectics color. He thinks that the
interaction between internal and external causes is the
most reasonable angle to study the cognitive development
of children. Constructivism has a profound connotation,
which can be divided into three parts: how to determine
the student-centered core status, and how to mobilize the
enthusiasm of students to learn by themselves, to build
their own knowledge architecture system so as to fulfill
their own progress.

This theory distinguishes itself from other teaching
methods, which is an avant-garde method of inquiry-based
learning. Teacher just plays an auxiliary role, emphasizing
the student's initiative in the whole process. But how the
teacher guides the students and develops the potential of
the students is really the key to the whole problem. To this,
some scholars put forward several methods: so
"scaffolding instruction", "anchored instruction" and
"random access instruction" and so on, that is: given a
basic framework to let the students thrown around this
framework to construct the main learning problems, lead
the students to learn according to the orientation, without
preliminary requirements. The psychological basis of
learning mode is derived from the theory of children's
cognitive development put forward by Piaget. In the
research process of this theory, it is found that the
knowledge taught by teachers can not become the
knowledge of students eventually, and the real knowledge
is constructed by students themselves. Students learn by
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themselves, analyze by themselves, and eventually have
their own system to form their own knowledge. Therefore,
"meaning construction", "communication", "situation"
and '"collaboration" are four factors in learning
atmosphere. Therefore, the use of constructivism can well
explain the cognitive rules in the process of human re-
learning, and can well explain how learning occurs, what
kind of meaning, how it is constructed, how it is formed,
and even what elements the ideal learning conditions
should have, etc. Therefore, through the thought of
constructivism, we can know a series of novel theories and
principles of cognitive learning, and create what kind of
environment for students to learn better. The basic content
of constructivist learning theory can be expounded from
two aspects, namely "the meaning of learning" (that is,
"what is learning") and "the method of learning" (that is,
"how to learn"). Based on this theory, this paper will focus
on exploring effective methods for freshmen to learn
College English courses.

2.2 Strategies for effectively learning College English
courses

"Connection" and "thinking" are the key to the
construction of meaning. Figuratively speaking, it is what
the current learning refers to, what is related to it and what
you know, combining and associating two things to
consider. If the process of combining and associating
thinking is combined with cooperative learning, that is, the
process of discussing and communicating among students,
then students will have higher efficiency in constructing
meaning and do more in-depth learning. The consultation
should include two aspects: one is self-consultation; the
other is mutual consultation. As the name implies, self-
negotiation is negotiating with oneself, independently
judging what is right and wrong, what should be done and
what should not be done; Mutual consultation is the
premise of many people, mutual discussion, debate, and
learning process. This is based on specific events in the
reality. Let the students face the reality, and then analyze
according to the actual situation and their own cognition.
Finally, they come to their own conclusions, that is, the
realistic scenario teaching method.

Foreign language learning is the pursuit of effective
conversion between the language you are learning and
your own language. It can change the standpoint, angle
and way of thinking of the target language, realize role
transformation between the mother tongue and the target
language, and effectively obtain information. The deep
level of language learning is to learn a culture and a way
of thinking. In Our country, many middle school students
are not interested in learning English, but under the
pressure of further education, which is the product of
exam-oriented education. In the college stage, although
there is the pressure of CET-4 and CET-6, the learning
environment is more relaxed and open-minded. Attention
should be paid to the development of quality-oriented
education to improve students' comprehensive ability. We
all know the importance of English, it is not only a tool for
China to understand and learn from foreign advanced
science and technology, system and culture, but also an
indispensable tool for foreign communication. Therefore,
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first of all, freshmen must be clear about their purpose of
learning English, not just to pass the exam, but to
communicate in English (including oral communication
and  written = communication).Setting  up  this
communicative learning motivation will play a good role
in guiding the development and adjustment of English
learning strategies in the future.

It is important to cultivate the interest in learning English,
and stimulate the learning motivation. The requirement of
exploration and discovery requires students to take the
initiative to collect and analyze relevant information and
materials in the process of constructing meaning, and also
find weaknesses and overcome them in time.
Constructivism holds that knowledge is unique in its
interpretation of reality, because it is the construction of
knowledge through the understanding of reality, with a
deep foundation and vigorous vitality.

Due to different English learning foundations, some
freshmen can not even meet the basic requirements of
middle school English syllabus, some others can not meet
the requirements of college English course teaching, and
also some stay at the level of senior high school. Many
students consider that when they enter the university,
English is not as important as their majors. As a result,
they lost their passion for English. Once this negative
psychology continues to spread, it will affect the students'
mood even more. Therefore, it must be solved through
various ways so that freshmen can build up self-
confidence, be full of passion for learning English and
adjust their psychological state. Students' enthusiasm for
Learning English can be stimulated by watching English
movies and holding English song contests. Mobilizing the
enthusiasm of students to learn English well in the
freshmen is the key to a college. Only by making freshmen
want to learn English can they carry out English teaching
activities better.

To cultivate the sensitivity of cross-cultural
communication, constructivist learning theory holds that
the two main ways for learners to change their cognitive
structure are assimilation and adaptation. From the
perspective of cognitive structure, assimilation is
quantitative change, while adaptation is qualitative change.
It is generally believed that learning is not a simple
accumulation of information, otherwise there will be
conflicts between old and new knowledge, conflicts
between old and new experience, and even problems in
cognitive structure. Learning is the replacement of old
knowledge with new knowledge, the reorganization of
knowledge structure and the expansion of knowledge
system. Learning is not just storage and absorption, but
thinking, processing after the evolution, should have their
own things. The learner interacts with the environment
itself.

There are actually three levels for Chinese to learn English:
first, the language level; The second is cultural; The third
is the level of thinking mode; Some people have a good
command of English vocabulary and can speak English
fluently, but they just can't communicate well with
foreigners until they get into their culture. This is because
their English learning stays at the linguistic level. Because
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of the huge difference between Chinese and Western
traditional culture, people's character and value tendency
are different. Chinese people take modesty as a virtue and
are relatively introverted, while Westerners advocate
individualism and like to show themselves. When
communicating with them, language expression should
not only be grammatically correct but also conform to
social etiquette. Otherwise, misunderstanding will result
in communication failure.

3. CONCLUSION

Constructivist learning theory emphasizes the initiative,
sociality and situation of learning, emphasizes the active
construction of learners on the basis of existing experience
in the learning process, and emphasizes the active
consciousness of learners, so as to promote the overall
development and sustainable development of human
beings. This idea reflects the development of college
English course teaching mode and the value orientation of
teaching reform. The author has been engaged in college
English course teaching for many years, and has
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communicated with other colleges and universities to find
problems in the teaching process. Based on the
constructivist learning theory, the author summarizes the
above strategies and hopes to help freshmen to adapt to
college English course teaching as soon as possible, so as
to achieve double results with half the effort in English
learning.
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Automatic Sleep Staging Based on EEG and
EOG Signals
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Abstract: The purpose of this study is to propose an
automatic sleep staging method which combines
Electroencephalogram (EEG) and Electrooculogram
(EOG), Polysomnography (PSG) signals in sleep EDF
database are selected, including two channel EEG signals
and one channel EOG signal. Firstly, the signal is
preprocessed by filtering, and then the signal feature is
extracted, Finally, in the classification stage, using support
vector machine (SVM) model and BP neural network
(BPNN) model, the sleep process is divided into six stages,
and the classification effect of the two classifiers and
different combinations of PSG signals is compared. The
results showed that the classification accuracy of the two
models using two channel EEG and one channel EOG
signal combination reached 93.88% and 95.08%
respectively, which were 6.15% and 8.75% higher than
that of single channel EEG. The model has good
generalization ability, so the proposed automatic sleep
staging method is feasible.

Keywords: PSG signals; Feature extraction; Support
vector machine; BP neural network; Automatic sleep
staging

1. INTRODUCTION

About 27% of people in the world have sleep problems [1],
and sleep problems have attracted more and more
attention. In practice, the evaluation of sleep quality and
the treatment of sleep related diseases depend on accurate
sleep staging. Sleep staging can detect potential sleep
problems and prevent related diseases by accurately
describing the state switching during sleep. Therefore, the
study of sleep staging is of great significance for the
diagnosis and treatment of diseases.

The classical method of sleep staging is to extract the
characteristic parameters of EEG signals by different
analysis methods, and then use the classifier to classify.
At present, the analysis methods of EEG mainly include
time domain, frequency domain and nonlinear.

In order to further improve the accuracy of sleep staging,
researchers propose to use other physiological electrical
signals to study sleep staging, such as EOG, EMG, ECG
and so on. In reference [2], based on EEG and EMG
signals, the method of combining sample entropy with
support vector machine was used, and the accuracy rate of
staging was 92.94%. In reference [3], It extracted the time
domain characteristics of EMG and EOG, and used
adaptive threshold method to stage sleep. The average
accuracy was 82.93%.

This paper aims at the problems of single physiological
signal type, less feature extraction and low accuracy of
sleep staging. In this paper, we propose a multi feature
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sleep staging method based on EEG and EOG. The
experimental process is shown in Fig.1.

Sleep-EDF Database
EEG and EOG signals

Signal segmentation

Remove power frequency interference
and baseline drift

SVM. BPNN(train. test)

Figure 1. Experlmental flow chat
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Figure 2. Sleep records of the whole night

2. EXPERIMENTAL DATA DESCRIPTION

The experimental data is from Sleep-EDF Database
Expanded in PhysioNet[11]. The selected data set contains
95 hours' data of 4 subjects, including PSG data of two
types and three channels and corresponding sleep staging
experts' annotation. These labels are manually labeled by
technicians according to R&K Rules[4] for each 30s sleep
segment. The data of the three channels are EEG data of
one FPZ-CZ channel and one PZ-OZ channel, as well as
the data of one Horizontal EOG channel. The signals of
each channel are sampled at 100Hz, and all signals are
divided into 30s epoch. Each segment of data contains
3000 data points.

Rechtschaffen and Kales proposed the R&K Rules[4], in
which each 30s sleep segment was labeled as Wake(W),
Non-Rapid Eye Movement (NREM), or Rapid Eye
Movement(REM), The NREM stage can be subdivided
into S1, S2, S3 and S4 stages. The NREM stage can also
be divided into shallow sleep stage (including S1, S2) and
deep sleep stage (including S3 and S4). Phase W is
defined as the awakening stage before or after sleep. S1 is
the first stage of sleep, when brain activity slows and
muscles relax. The second stage is the real beginning of
sleep, when eye movement stops. The third stage is called
deep sleep, when the subjects' brain function declines
significantly. Deep sleep activity continued during S4
sleep. The eye is closed during REM, but it also moves
rapidly.

Fig.2 shows the subjects' sleep state about 8 hours a night,
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and Table 1 shows the distribution information of each
sleep stage in the label.

Table 1. Detailed information about the sleep database
records used in this study

Sleep Stages  Epochs Proportion

Wake(W) 7722 68.3%

REM(R) 741 6.5%

S1 286 2.5%

S2 2036 18%

S3 289 2.6%

S4 240 2.1%

Total 11314 100%
3.METHOD

3.1 IIR Digital Filter

The system functions of IIR digital filter are as follows:
Z?/LO ij -J

TSN o, ey
— Lij=o 4iZ

Where aq;, b]- is the filter coefficient, M and N can be

arbitrary nonnegative integers.

Corresponding difference equation:

M N
ym) = ) bxn=+ ) aymn-D @
=0 i=1

3.2 Nonlinear Support Vector Machine

SVM has many unique advantages in solving small
sample, nonlinear and high dimensional pattern
recognition. The basic idea of the nonlinear SVM problem
is to transform the input variable x into a high-dimensional
space through nonlinear transformation, and then
transform the space to find the optimal classification
surface[5].

Optimization objectives of nonlinear problems:
N

maxL(a) = Z a;

i=1

H(Z) =

N
=1

N N
1
z a; — Ez z a; a; y;yik(x;, x;) 3)
i=1 i=1

i J
N
ya,=00<aq<C(Ci=12--,N (4)
i=1
The corresponding judgment function:
N

y =) yiak(x, ) +b (5)
i=1

If y = 0, itis a class, and the category is 1, otherwise it is
-1.
k(x;,x;) is kernel function, In this paper, we choose
sigmoid kernel function:

k(x;,x;) = tanh(Bx]x; + 0) (6)
Where tanh is a hyperbolic tangent function,
B >060<0.
3.3 BP Neural Network
The work flow of BP neural network is as follows: for
each training sample, input examples are provided to input
layer neurons, Then the signal is transmitted forward layer
by layer until the result of output layer is produced; Then
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the error of the output layer is calculated, and then the
error is propagated back to the hidden layer neuron.
Finally, the connection weight and threshold are adjusted
according to the error of the hidden layer neuron. The
iterative process is repeated until some stop conditions are
reached[6]. The specific calculation process is as follows:
Input: Training set D = {(xy, Vi )}7=1; Learning rate 7.
All connection weights and thresholds in the network are
randomly initialized in the range of (0, 1).

Calculate current sample output:

9 = (9 95+, 9F) (M

97 =18 -6) 8

The gradient term of the output layer neurons is calculated.
_ ok SEY( vk _ ok

9; =9 (1= 397) (v - 3f) )

The gradient term of hidden neurons is calculated:
l
ep = bp(1— bh)z Whidj (10)
j=1

Update connection rights wy, j, v;, and threshold 6;,yy.

Awp; =ng;bp (11
Af; = —ng; (12)
Avip = nepx; (13)
Ayp = —ney (14)

After reaching the stop condition.

Output: Multilayer feedforward neural network with
connection weight and threshold determined.

4 EXPERIMENTAL PROCESS AND RESULTS

4.1 Signal Preprocessing

EEG and EOG are usually interfered by some unknown
frequencies, especially EEG, so these noises should be
suppressed. In this paper, EEG and EOG signals are
filtered by high pass filter with 0.3 Hz cut-off frequency
and low-pass filter with 30 Hz cut-off frequency[5]. The
fourth-order IIR digital filter is used to remove noise and
artifacts.

Zero phase shift filter is used to correct baseline drift. Zero
phase shift filter means that the phase of a signal sequence
does not change after filtering, that is, the phase response
of the filter system function is zero.

Fig.3 shows the waveforms of EEG and EOG signals of
three channels. Due to the large amount of data, only 30s
of data is shown here. Fig.4 is the waveform of the three
channel signals after preprocessing. It can be seen from
the figure that the signal burr is greatly reduced and the
baseline drift of the signal is corrected.
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Figure 3. Time domain waveform of three channels
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Figure 4. The signal waveform after preprocessing

4.2 Feature Extraction

In the feature extraction stage, 27 features of EEG signal
are extracted from time domain(TD) and frequency
domain(FD) respectively. There are 14 time domain
features and 13 frequency domain features. A total of 14
features were extracted from the EOG signals. A total of
68 features are extracted from the three channels [5]. All
the extracted features are listed in Table 2.

Fourteen time domain characteristics are derived from
EEG and EOG signals. These statistical parameters reflect
the amplitude and distribution of time series.

The power spectral density (PSD) of EEG was calculated
from four frequency bands of 0.3-4Hz (delta), 4-8Hz
(theta), 8-16Hz (alpha) and 16-30Hz (beta). The total
power spectral density of EEG was calculated in the
frequency range of 0.3-30Hz. The calculation of power
ratio in EEG feature extraction is based on relative
spectral power, Calculate the power ratio in the Table 2.
Table 2.List of features from EEG and EOG signals

EEG and EOG | EEG features
features
I min 15 delta
2  max 16 alpha
3 Peak to peak 17 theta
4  Mean 18 beta
5  Absolute 19 delta/theta
mean
6 SD 20 delta/alpha
7  Variance 21 delta/beta
8  Skewness 22 theta/alpha
9  Kurtosis 23 theta/beta
10 Root mean | 24 alpha/beta
square
11 Waveform 25 alpha/(theta+delta)
factor
12 Peak factor 26 delta/(thetat+alpha)
13 Pulse factor 27 theta/(betatdelta)
14 Margin factor

4.3 Classification Results and Analysis

In this experiment, the following PSG signal
combinations were used to analyze the experimental data:
FPZ-CZ single channel EEG, FPZ-CZ and PZ-OZ dual
channel EEG, PZ-OZ single channel EEG and single
channel EOG, and FPZ-CZ, PZ-OZ dual channel EEG and
single channel EOG [7].
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All the feature data are normalized to [0, 1] by Gaussian,
and each kind of sample in the data is scored 7, 3, of which
70% is the training set and 30% is the test set. The
balanced training samples and test samples are obtained.
Then, the sleep process is divided into six stages (Wake,
S1, S2, S3, S4, REM) by using nonlinear SVM and BP
neural network algorithm. The classification accuracy of
different PSG signal combinations and the recognition
rate of each sleep stage are obtained. Table 3 shows the
staging accuracy of the two models using different
channel combinations in the training and testing phases.
Table 3. Sleep Staging accuracy of different PSG signal
combinations

Model Accuracy Rate(%)

PSG Signals SVM SVM BPNN BPNN
Train Test Train  Test
1EEG 87.79 8893 8578 85.13
1EEG+1EEG 9290 9343 92.67 92.17
1EEG+1EOG 93.12 93.34 93.10 92.23
2EEG+1EOG 9444 9508 94.11 93.88

As can be seen from Table 3, the training accuracy value
is very close to the test accuracy value, so the two
classification models have good generalization ability. At
the same time, the accuracy of multi-channel PSG signal
combination is significantly higher than that of single
channel EEG signal. Using the combination of EEG and
EOG of FPZ-CZ and PZ-OZ channels, no matter which
model is used, the accuracy rate is the highest. The test
accuracy of SVM and BP neural network is 95.08% and
93.88% respectively. In the comparison of the two
classification algorithms, the classification effect of SVM
is slightly better than that of BP neural network.

Table 4 and Table 5 show the test accuracy of six types of
sleep stage models using the combination of FPZ-CZ, PZ-
OZ channel EEG and single channel EOG signal
combination SVM model and BP neural network model.
That is, their confusion matrix [8]. The value on the
diagonal represents the number of epochs correctly
identified in this stage, while the value outside the
diagonal represents the number of incorrect identified
epoch. It can be seen from the table that the sensitivity of
the model in the wake stage (W) is relatively high,
reaching 98.88% and 99.18% respectively. The learning
model shows a trend of learning the data of this stage. The
sensitivity of the two models in S1 stage was only 36.0%
and 40.7%, which was related to the small proportion of
S1 stage in the sample. Therefore, the model is difficult to
learn at this stage.

Table 4. BPNN model test accuracy

W  SI S2 S3 S4 R Acc(%)
W 2291 6 5 0 1 14 9888
S1 |7 3. 22 0 0 26 360

S2 |3 9 568 13 0 18 92.62
S3 |4 0 18 53 12 0 6092
s4 |2 0 0 10 60 0 833

R |3 6 21 0 0 193 8655
Ave | - - - - - - 9388

The comparison of automatic sleep staging methods is
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shown in Table 6. Due to the different methods of sleep
staging, feature extraction and classification, the results of
each automatic sleep staging method are different. It is
found that the combination of EEG and EOG signals
proposed in this paper can extract the time and frequency
domain features, and use SVM and BPNN classifier to
automatically stage sleep. At the same time, the algorithm
structure is simple and the stability of the system is better.
Table 5.SVM model test accuracy

W SI S2 S3 S4 R Acc(%)
W 2298 4 4 3 0 8 99.18
SI |10 35 21 0 0 20 4070
s2 |3 8 580 6 0 14 9493
S3 |1 0 20 59 7 0 67.82
s4 |1 0 0 11 60 0 833

R [10 1 15 0 0 197 8834
Ave | - - - - o - 9508

Table 6. Comparison of results of automatic sleep staging
methods

Study Signals Method Acc(%)
Ref.[10] 1EEG DWT+BPNN 85.81
Ref[9] 2EEG DWT+SVM 85.72
Ref.[7] 1EEG+1EOG 1D-CNN 91.00
Ref.[2] 1EEG+1EMG SampEn+SVM 92.94

This Study 2EEG+1EOG TD+FD+SVM/BPNN 93.88
/95.08

5.CONCLUSION

In this study, an automatic sleep staging method is
proposed, which includes signal preprocessing, feature
extraction and machine learning algorithm classification
process. Four different PSG signal combinations and two
classification algorithms are used in this method, which
has a good recognition effect on different stages of sleep.
The results show that: SVM algorithm and BPNN
algorithm have the highest classification accuracy of
93.88% and 95.08% respectively for FPZ-CZ, PZ-OZ
channel EEG and HEOG channel. Therefore, this method
can be applied to sleep staging.

In the future research, we can add other kinds of
physiological signals, such as EMG signal, ECG signal
and so on. We can also use the method of deep learning to
study sleep staging.
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Abstract: Using rape named ‘“zhouyou 5897 as
experimental material, effects of different concentrations
of waste battery lixivium on seed germination and
physiological characteristics of rape seedlings were
researched under hydroponic conditions. The results
showed that seed soaking in waste battery lixivium which
concentration was 5 mg/L had a beneficial effect on
germination rate and germination potential and
germination index and vigor index of rape seed. When the
concentration of waste battery lixivium was less than or
equal to 25 mg/L, the synthesis of free proline and soluble
sugar could be promoted, but MDA synthesis was
repressed; Seed soaking in high concentration of waste
battery lixivium could not only restrain seed germination
but also hinder normal physiological metabolism of rape
seedlings. All above showed that treatment in low
concentration of waste battery lixivium had beneficial
effect on seed germination and physiological
characteristics of rape seedlings, while treatment in high
concentration of waste battery lixivium had unfavorable
effect on seed germination and physiological
characteristics of rape seedlings.

Keywords: Rape; Soaking seeds; Waste battery lixivium,;
Germination; Physiological characteristics

1. MATERIALS AND METHODS

Waste Zn-Mn batteries contain heavy metals such as
mercury, cadmium, lead, nickel, zinc and copper, waste
batteries discarded at will seriously pollute the
environment and soil, it also threatens the health of
humans, animals and plants[1,2]. At present, there are
reports on the effects of waste battery liquid on the
survival of mice[1], crucian carp[3]and other animals, as
well as on the growth of rice[4] and wheat[5], however,
there are few reports on the effect of waste battery liquid
on rape growth. In this experiment, the effect of waste
battery leaching solution on seed germination and
physiological characteristics of rapeseed seedlings was
studied, the purpose of this study was to investigate the
effects of different concentrations of waste cell extracts on
germination rate, germination potential, germination
index, vigor index and physiological status of rapeseed
seeds, this could provide some theoretical basis for the
waste battery to harm the growth of crops.

1.1 Materials

Rapeseed seeds (Zhouyou 589):Provided by the College
of Life Science and Agronomy, Zhoukou Normal
University.
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1.2 Method

1.2.1 Preparation of waste battery extract

The waste battery powder of 5,25,50,100 mg was weighed
separately, the powder was soaked in distilled water for 3
d, then filtered, and prepared into 5,25,50,100 mg/L of
waste battery extract.

1.2.2 Disinfection and seed soaking treatment of rape
seeds

To disinfect selected excellent rapeseed seeds for 20 min
with 0.5% sodium hypochlorite solution, to clean the
seeds and dry them. Dry seeds were soaked in 4 different
concentrations of waste battery leachate for 24 h,
respectively, seeds of control experiment were treated for
24 h with distilled water.

1.2.3 Germination and seedling growth of rape seed

To rinse the seeds with distilled water and place them in a
petri dish with two layers of filter paper, then culture them
at room temperature, replenish water daily, keep seeds
moist. To set 3 repetitions per processing. Every morning
at 9:00 to observe the seed germination, continuous
observation of 5 d. Germination index was calculated by
formula. The seedlings were cultured until 4 leaves were
grown, and various experiments were carried out.

1.2.4 Experimental processing

Rapeseed seedlings with 4 leaves were divided into 5
groups with 3 repeats in each group. Group 1 was the
control group and groups 2 to 5 were the treatment group,
treatment group treated with 5,25,50,100 mg/L of waste
battery leachate, at 9:30 a.m., leaves were sprayed with
waste battery extract (treatment group) and distilled water
(control group) for 5 d continuously. After treatment, the
rapeseed seedlings were restored to grow for 1 d, and the
same leaves of each treatment group and control group
were taken for physiological index determination.

1.2.5 Determination of indicators

The methods for determining seed germination indexes
are as follows: germination potential = number of
germinated seeds on the third day / total number of seeds
x100%; germination rate = number of germinated seeds
on the fifth day / total number of seeds x%100%;
Germination index(GI)=XGt /Dt(The number of
germinates within t days is Gt, the corresponding
germination days is Dt) ; Vitality index =SxXGt /Dt (S is
mean seedling height).

The physiological indexes of seedlings were determined
as follows: Determination of malondialdehyde (MDA)
content by thiobarbituric acid method[6]; Determination
of soluble sugar content by anthrone colorimetry[7];
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Determination of proline content by acid triketone
method®®l.

2. RESULTS AND DISCUSSIONS

2.1 Effect of waste battery leachate soaking treatment on
seed germination rate of rape seeds for 24 hours

Table 1 Seed germination rate of rapeseed after soaking
for 24 hours

Germination rate under

Concentration 0 .

. . different
leaching solution germination days / %
of waste battery / ( mg/L) d 3d 4d 5d
0 56 82 95 100
5 66 89 98 100
25 48 70 88 89
50 35 90 75 80
100 20 88 40 52

The germination rate of rapeseed seeds after soaking with
different concentration of waste battery was shown in
Table 1. Table 1 showed that the germination rate of
rapeseed seeds was higher than that of the control group
under the treatment of 5 mg/L of waste battery leaching,
the germination rate reached 98% on the fourth day; When
the concentration of leaching solution was greater than or
equal to25 mg/L, the seed germination of rape was slower
than that of control group, and the ratio of germination to
control decreased significantly, the greater the
concentration, the greater the impact on germination. This
indicated that the low concentration of waste battery
leachate (=5 mg/L) could promote the germination of
rapeseed seeds, while the high concentration of waste
battery extract (=25 mg/L) could inhibit the germination
of rapeseed seeds.

2.2 Effect of treatment of waste battery extract on
germination potential, germination index and germination
vigor of rape seeds

Table 2 Effect of seed soaking 24 hours on seed
germination of rape

Concentration

of  leaching Germinatio

solution  of . Germinatio  Vitalit
n potential . .

waste /% n index y index

battery/(mg/L

0 82 27 72.3

5 89 31 152.0

25 70 19 76.5

50 90 32 75

100 88 30 56

The germination performance of rapeseed seeds under
various treatments was shown in Table 2. It could be seen
from Table 2 that the germination of rapeseed seeds under
different treatments was different. Compared with the
control group, the germination potential and germination
index of rapeseed seeds were higher than that of the
control group under the treatment of 5 mg/L waste battery
extract, especially the increase of vigor index (105%
increase); The germination potential and germination
index were obviously decreased under the treatment of 25
mg/L of waste battery extract; Compared with the waste
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battery extract treatment with a concentration of 5 mg/L,
the germination potential, germination rate and
germination activity were decreased under the treatment
of waste battery extract with a concentration of 50 and 100
mg/L, especially the decrease of activity index was the
most obvious.

2.3 Changes of malondialdehyde (MDA) content in
rapeseed seedlings under the action of waste battery
extract
80
7 |
60 |
50 |
40 F
30 f

20 |

MDA content / (mg/g)

0 20 40 60 80 100 120
Concentration of leaching solution of waste battery / (mg/L)

Figure 1 Effects of different concentrations of waste
battery leaching solution

on malondialdehyde content in rapeseed seedlings
Different MDA contents of rapeseed seedlings under
different concentrations of waste battery leachate were
shown in figure 1. Figure 1 showed that when the
concentration of waste battery leachate was less than or
equal to 25 mg/L, the MDA content decreased, which
indicated that the low concentration of waste battery
leachate had a positive effect on rape. It may be that the
heavy metals in the waste battery had little harm to rape at
low concentration, but the mineral elements and some rare
earth elements in the waste battery could protect the
rapeseed seedlings. When the concentration of waste
battery leachate was 50 and 100 mg/L, the MDA content
showed an upward trend, and the higher the concentration,
the more obvious the increase. This indicated that the high
concentration of waste battery leachate had caused harm
to rape, and the higher the concentration, the greater the
damage.

2.4 Changes of soluble sugar content in rapeseed seedlings

under the action of waste battery extract
07

9
o o o o
w ~ 0 o

o o)
=N

o

0 50 100 150
Concentration of leaching solution of waste battery /
(mg/L)

Soluble sugar content / (mg/.

Figure 2 Effects of different concentrations of waste
battery leaching solution on soluble sugar content in
rapeseed seedlings

The trend of soluble sugar content in rapeseed seedlings
under different concentrations of waste battery leachate
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was shown in figure 2. Figure 2 showed that when the
concentration of waste battery leachate was less than or
equal to 5 mg/L, the content of soluble sugar in young
leaves of rape increased compared with that of control;
however, when the concentration of waste battery leachate
was higher than 5 mg/L, the content of soluble sugar
decreased significantly compared with that of control. It
showed that the low concentration of waste battery
leachate could promote the synthesis of soluble sugar, and
the high concentration of waste battery leachate would
hinder the synthesis of soluble sugar.

2.5 Changes of proline content in rapeseed seedlings
under the action of waste battery extract

Proline content / (mg/g)
o P N W M oo N

0 5 25 50 100

Concentration of leaching solution of waste battery / (mg/L)

Figure 3 Effects of different concentrations of waste
battery leaching solution

on proline content in rapeseed seedlings

The effect of different concentration of waste battery
leachate on the content of proline in rapeseed seedlings
was shown in figure 3. Figure 3 showed that the content
of proline did not change significantly compared with the
control under the action of 5 mg/L waste battery leachate.
When the concentration of waste battery leachate was
more than 25 mg/L, the content of proline increased
obviously and reached a peak value at the concentration
of 100 mg/L. In addition, from the growth of rape, the
growth of rapeseed seedlings cultured with high
concentration of waste battery extract was particularly
slow, the leaves turned yellow. Obviously, the toxicity of
high concentration heavy metal ions in waste battery
leachate had exceeded the range of rape's own stress
resistance.

3. CONCLUSION

Experimental data showed that the treatment with 5 mg/L
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of waste cell leaching had favorable effects on
germination rate, germination potential, germination
index and vigor index of rapeseed seeds. That is, there was
a promoting effect on germination. Treatment of rapeseed
seedlings with waste battery extract with concentration
less than or equal to 25 mg/L could promote the synthesis
of free proline and soluble sugar and inhibit the synthesis
of MDA; High concentration of waste cell leaching would
inhibit seed germination, which was not conducive to the
normal physiological metabolism of rapeseed seedlings.
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