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Due to the high hygroscopicity of the plastic packaging material, the 
device is inevitably subjected to high temperature or high humidity envi-
ronment during the production and testing process. After the moisture is 
expanded, the internal stress is too large, and the delamination and gold 
wire breakage are formed. At the same time, due to the difference in the 
coefficient of thermal expansion (CTE) between the plastic packaging 
material and the materials such as Si and Cu, it is easy to form delami-
nation under a relatively large shear force. The water vapor remaining in 
the plastic packaging material is the root cause of delamination, and the 
reflow process and temperature are the predisposing factors leading to 
delamination. However, it has been found through experiments that dif-
ferent plastic packaging materials have different hygroscopicity and co-
hesiveness, and they have obvious improvement effects on delamination.
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1. Epoxy Resin Plastic Package for IC Com-
ponents

The package is a must for the chip and is also 
critical. The package not only protects the chip, 
but also enhances its thermal conductivity. It is a 

bridge between the internal and external circuits of the 
chip.

The plastic package is a package form of a component 
shell using a polymer-synthesized epoxy resin. The IC 
package not only requires excellent electrical conductivi-

ty, thermal conductivity, and mechanical properties of the 
packaging material, but also requires high reliability and 
environmental friendliness of the plastic package. The 
plastic sealing function is to provide physical protection to 
the chip, prevent impurities in the air from corroding the 
chip circuit, cause electrical performance degradation, and 
protect the chip surface and connecting leads from exter-
nal damage and external environment. The thermal expan-
sion coefficient of the chip is matched with the thermal 
expansion coefficient of the frame or the substrate by the 
package, thereby alleviating the stress generated by the 
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change of the external environment such as heat and the 
stress generated by the heat generated by the chip, thereby 
preventing chip damage and failure.

The advantages of plastic package: light weight, small 
size, low cost and simple manufacturing process. At the 
same time, plastic packaging is widely used in IC compo-
nent packaging and processing operations, which greatly 
improves the production efficiency of electronic compo-
nents.

The disadvantages of plastic package: The plastic seal-
ing material is easy to absorb moisture, and the moisture 
in the air easily penetrates into the device through the 
plastic sealing material. The plastic packaging material is 
a polymer synthetic material, and the inside thereof inev-
itably contains various impurities (Cl-, Na+ plasma, etc.). 
The presence of impurity ions and water vapor will also 
have an effect on the internal delamination of the compo-
nent. In severe cases, the “popcorn” effect occurs during 
subsequent SMT reflow processing.

2. The Composition of Epoxy Resin

The epoxy resin contains an epoxy group in its molecular 
structure and is a multi-component polymer composite, 
under the action of heat and curing agent, the epoxy group 
chemically reacts with the curing agent phenolic resin 
to produce cross-linking curing, which becomes a ther-
mosetting plastic, after curing, the epoxy resin has good 
physical and chemical properties. It has excellent bonding 
strength to the surface of metal and non-metal materials, 
good dielectric properties, small set shrinkage, good sta-
bility, high hardness and good flexibility. The epoxy resin 
includes various organic and inorganic components, such 
as: o-cresol novolac epoxy resin, novolac resin, filler sil-
ica powder (commonly known as silicon micropowder), 
accelerator, coupling agent, modifier, flame retardant, col-
orant and other components.

Its basic composition and roles are as follows:

Table 1. The basic composition and roles of epoxy resin

Composition Composition / % Main Roles

Polymers
Epoxy resin: 5~20 Basic resin, polymerization, bonding

Curing agent: 3~10 Cross-linking reaction

Catalysts Coupling agent: <1 Bridge of inorganic and organic 
matter

Fillers

Curing accelerator: 
<1 Speed up the cross-linking reaction

Packing: 70~92
Improve physical properties, reduce 
expansion coefficient, water absorp-

tion and cost

Additives

Release agent: <2 Improve mold release perfor-
mance and improve fluidity

Flame retardant: <3 Meet UL-94 requirements

Colorant: <0.5 colors

Ion adjuvant: <1 Improve reliability

Stress absorber: <2 Reduce internal stress

Binder: <0.5 Improve L/F, ST adhesion

3. Effect of Hygroscopicity on IC Compo-
nents

3.1 Delamination and Corrosion Failure

Since the epoxy resin package is a non-hermetic pack-
age, the tolerance and ability to the external environment 
are poor. When the epoxy resin is exposed to a humid 
environment, it has strong water vapor hygroscopicity.
[1] On the one hand, in a humid environment, water vapor 
diffuses inward along the interface of the molding body 
and the molding body and the pin, and enters the surface 
of the device chip; on the other hand, due to the certain 
water absorption of the resin itself, water vapor is directly 
diffused to the surface of the chip through the molding 
material. The inhaled moisture, if it has more ion contami-
nants, will cause corrosion of the bonding area of the chip. 
If there is a defect in the passivation layer on the surface 
of the chip, moisture will invade the metallization layer of 
the chip.[2] Regardless of the corrosion of the bonding area 
or the corrosion of the metallization layer, the mechanism 
can be attributed to the chemical reaction of the metal lead 
and the ionized dirt: Due to the immersion of water vapor, 
the dissociation of the hydrolyzed substance (Cl-, Na+ 
plasma) from the resin is accelerated, and the substance 
dissociated during the corrosion process changes due to 
physical properties, such as an increase in brittleness, an 
increase in contact resistance value, and a change in ther-
mal expansion coefficient.

During the use or storage of the device, as the tempera-
ture and the load voltage change, it will exhibit electrical 
parameter drift, excessive leakage current, and even short 
circuit or open circuit failure, which will bury hidden dan-
gers for the long-term reliability of the device,[2-3] the most 
common phenomenon is the occurrence of stratification. 
When the package changes in ambient temperature, the 
sum of the internal stress and the vapor pressure of the 
moisture is greater than the adhesion between the epoxy 
resin and the chip, the carrier and the surface of the frame. 
As a result, peeling occurs between their interfaces, and 
delamination occurs. In reflow soldering, water vapor 
expands due to thermal stress caused by rapid heating, 
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which in turn causes device failure.

3.2 “Popcorn” Failure

There are three sources of heat that the molded electronics 
conduct to the device during soldering: infrared reflow 
heating, vapor reflow heating, and wave soldering heating. 
The infrared reflow soldering temperature is 235~240°C, 
the time is about 10S; the vapor reflow soldering tempera-
ture is 215±5°C, the time is about 40s; the wave soldering 
heating temperature is 260±5°C, and the time is about 5S. 
During the heating process of the plastic electronic de-
vice, the moisture adsorbed in the plastic body is rapidly 
vaporized, and the internal water vapor pressure is too 
large, so that the epoxy resin expands, and delamination 
and cracking occur, which is commonly called “popcorn” 
failure. However, in the case that the plastic body does not 
fail during welding, but the plastic body is cracked due to 
moisture and thermal expansion or cooling or shrinkage, 
the crack will corrode the dirt and moisture into the pas-
sage, which affects long-term reliability in later use. At 
the same time, in the welding, the epoxy resin will expand 
due to heat, and the shear stress generated inside the ep-
oxy resin will affect the integrity of the bonding wire. The 
corner stress of the chip is relatively concentrated, which 
may cause the bonding wire to be lifted, the bonding point 
to be cracked, or the bonding wire to be broken, resulting 
in failure of electrical performance.

4. The Delamination of IC Components

In component packaging, delamination is a major aspect 
of reliability evaluation. The delamination is a slight peel-
ing or cracking between the interfaces inside the molded 
body (PKG).

Most delamination occurs at the interface of the inter-
nal material of the package, including between the encap-
sulating resin and the chip interface, between the encapsu-
lating resin and the substrate interface, between the chip 
and the bonding material interface, between the bonding 
material and the substrate interface, and inside the bond-
ing material, etc. The delamination phenomenon occurs at 
the interface between the plastic resin of the plastic pack-
age device and other materials, which may cause device 
performance degradation or even failure. For example, 
if the delamination occurs at the interface between the 
resin and the chip, it will not only cause the bond wire of 
the chip to be mechanically damaged due to mechanical 
stretching or bond wire, but the connection resistance 
is increased or opened; it may also cause damage to the 
passivation layer on the surface of the chip, resulting in 
increased chip leakage, etc.; or delamination of the inter-

face between the resin and the chip, which makes it easier 
for water vapor to enter the surface of the chip, degrading 
the performance of the chip. The interface between the 
epoxy resin and other materials in the molding device is 
delamination. Even if the delamination area is small, the 
adhesion of the delamination part is seriously reduced, 
and the structural stress is also changed. In the subsequent 
device use, due to the effect of thermal strain or mechan-
ical stress, the delamination condition is intensified, and 
as the delamination area increases, the device eventually 
fails.

There are many factors leading to delamination, in 
which the plastic sealing resin, chip, frame and the like 
are different due to different materials, the thermal expan-
sion coefficient is different at high temperature, and the 
CTE mismatch between the plastic sealing material, the 
chip and the frame causes shearing force on the contact 
surface.

When the components are in the SMT process, when 
the device is in a high temperature state, the reflow sol-
dering environment temperature rises rapidly to about 260 
°C, the stress inside the laminator is concentrated due to 
thermal expansion for a short time. In addition, the mois-
ture accumulated in the encapsulation interface layer dif-
fuses into the micro-cavities, and the wet heat stress and 
the rapidly rising pressure in a short time may cause the 
package to fail.[4] The diffusion of moisture and the forma-
tion of high pressure conditions also led to the occurrence 
of delamination. The process of delamination and even 
cracking caused by the plastic components after moisture 
absorption under high temperature conditions can be sim-
ply expressed as follows:

Figure 1. Plastic components before hygroscopicity

Figure 2. Vapor expansion and delamination under high 
temperature conditions

DOI: https://doi.org/10.26549/met.v3i1.1527
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Figure 3. Occurrence mechanism of Packaging delamina-
tion and cracks

5. Effect of Different Plastic Packaging Ma-
terials on Packaging, Hygroscopicity and De-
lamination

The characteristics of epoxy resin are the basic factors 
leading to delamination inside the plastic body.[5] In the 
package, the adhesion of the epoxy resin to the frame, co-
efficient of thermal expansion (CTE), the strength and the 
conductivity of the material have a significant effect on 
the internal delamination of the plastic body. The differ-
ences in elongation, hygroscopicity and adhesion of epoxy 
resin also have different effects on delamination.[6]

In materials selecting, the first thing to consider is 
the adhesion between the epoxy resin and the frame. In 
addition to the necessary physical bonding, it is more im-
portant that a certain chemical bond can occur between 
the epoxy resin and the frame to ensure better bonding 
performance. The occurrence of chemical bonding will 
have a more powerful influence on the structural strength 
of the plastic-sealed components, resulting in a tighter 
bond between the epoxy resin and the chip, the carrier, 
and the frame, thereby improving the mechanical structure 
and reliability of the device. Electronic components with 
good and reasonable mechanical structure can maintain 
excellent reliability even under reflow soldering. In order 
to evaluate the influence of different molding materials on 
the package, two epoxy resins were specially selected for 
package verification and comparative analysis.

The composition and characteristics of the two materi-
als are compared as follows:

Table 2. Comparison of the composition and characteris-
tics of two epoxy resins

Type Compound 1 Compound 2

Series 700 8240

Remark Contain adhesion 
promoters NA

Filler content 87 88.5

Filler type Spherical Spherical

Filler sieved size(um) 75 75

Epoxy type MAR LMWE9+MA
Hardener MAR LWAH2

Flame retardant MAR NA
Spiral flow(cm) 135 101

Gel time 50 35
CTE1(PPM) 10 9
CTE2(PPM) 39 32

Tg 125 120
Flexural strength RT (kgf/mm2) 17 15
Flexural modulus RT (kgf/mm2) 2250 2500

Water absorption (%) 0.13 0.3

By comparing the composition and characteristics of 
the two epoxy materials, it is found that the thermal ex-
pansion coefficients of the two resins are relatively close, 
and there is no significant difference in the coefficient of 
thermal expansion between the two. However, the 700 
resin is compared with the 8240 resin, the former contains 
a binding accelerator, and the water content is also lower. 
The wafers were selected from different batches of dif-
ferent batches, and the two resins were used for package 
verification. After on-line verification and reliability eval-
uation, it was found that: the components encapsulated 
with 700 resin have better bonding strength between ep-
oxy resin and other materials, and can better improve the 
phenomenon of delamination of 8240 resin.

Table 3. Effect of two epoxy resins on delamination

Leg Com-
pound

SAT 0 Delam 
Qty

TCT 200 
cycles Delam 

Qty

TCT 500 
cycles Delam 

Qty

TCT 800 
cycles Delam 

Qty

1 700 0/77ea 0/77ea 0/77ea 0/77ea

2 8240 0/77ea 1/77ea 2/77ea 4/77ea

Through reliability test verification and evaluation, it 
was found that the resin of 700 exhibited better perfor-
mance than the 8240 resin in the experiments of TCT200, 
TCT500 and TCT800, and the structural adhesion, prod-
uct moisture absorption and delamination improvement of 
the product package were greatly improved. And through 
the subsequent multi-batch, large-volume package verifi-
cation and regular sample tracking and evaluation results, 
the stability and reliability of 700 resin is better than 8240 
resin with high hygroscopicity and no adhesion promoter.

6. Conclusion

In the interior of the plastic body, there is a problem of 
interfacial adhesion between the epoxy resin and the sur-
face of the chip, the lead frame, and the carrier. The use 
of an epoxy resin with a bonding accelerator can better 
improve and enhance the problem of interface adhesion, 
improve the bonding firmness of the interface, and at the 
same time effectively enhance the packaging structure and 
strength of the molding body.

DOI: https://doi.org/10.26549/met.v3i1.1527
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Through analysis and research, it was found that the 
internal delamination of the plastic body can be achieved 
by using a less hygroscopic epoxy resin, and by select-
ing an epoxy resin containing a binding force promoter, 
increasing the adhesion between the resin and the frame, 
the chip, the carrier, and enhancing the structural strength, 
an effective improvement is obtained. In addition, there 
are many reasons for the occurrence of delamination in-
side the plastic package. In addition to the analysis and 
research by changing the angle of epoxy resin, we can 
also try to explore the optimization of package structure 
design, frame design, and packaging process improve-
ment, increasing the structural strength, bonding force and 
reducing the risk of moisture absorption inside the plastic 
body can more effectively reduce or avoid the occurrence 
of delamination inside the plastic body.
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In order to overcome the problem that the CUR matrix decomposition 
algorithm loses a large amount of information when compressing images, 
the quality of reconstructed images is not high, we propose a CUR matrix 
decomposition algorithm based on standard deviation sampling. Because 
of retaining more image information, the reconstructed image quality is 
higher under the same compression ratio. At the same time, in order to 
further reduce the amount of image information lost during the sampling 
process of the CUR matrix decomposition algorithm, we propose the 
SVD-CUR algorithm. The experimental results verify that our algorithm 
can achieve high image compression efficiency, and also demonstrate the 
high precision and robustness of CUR matrix decomposition algorithm in 
dealing with low rank sparse matrix data.
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1. Introduction

With the advent of the digital age, large amounts 
of image information can put tremendous 
pressure on the storage capacity of the mem-

ory, the bandwidth of the communication trunk channel, 
and the processing speed of the calculation. To solve these 
problems, we need to compress the image data during its 
transmission and storage. Commonly used image com-
pression coding methods can be divided into lossy coding 
and lossless coding. Since lossy compression generally 
achieves a higher compression ratio, it is an ideal coding 
option when the quality of the image is not very high.

We often represent the grayscale image as a two-di-
mensional array (matrix), and RGB images are represent-

ed by an M×N×3 multidimensional data matrix. Thus, our 
processing of digital images can be, in a sense, an opera-
tion on the digital matrix of images. In recent years, with 
the continuous development and improvement of applied 
mathematics, the application of matrix algebra in various 
subject areas has become more and more extensive. In 
2006, a digital image compression coding method based 
on matrix singular value decomposition (SVD)[1,2] theory 
appeared.[3] The basic idea is to transform the original 
image matrix into a low-rank approximation matrix by 
the singular value decomposition technique of the matrix, 
reduce the amount of data needed to represent the image, 
and reduce the resources occupied by the image. In addi-
tion, SVD plays an important role in large-scale matrix 
dimensionality reduction, such as in complex networks,[4] 
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feature discovery.[5-7]

The CUR decomposition of the matrix[8-10] can avoid 
the low-rank approximation of the original matrix by 
avoiding the eigenvalue solution for the high-dimensional 
matrix.[11-14] We consider applying it to image data com-
pression. For the characteristics of image data, we propose 
a CUR matrix decomposition algorithm based on standard 
deviation sampling. Furthermore, we combine CUR and 
SVD, two matrix decomposition-based data reduction al-
gorithms, which effectively overcome the shortcomings of 
the CUR decomposition algorithm and can greatly reduce 
the scale of the image.

2. Matrix CUR Decomposition Algorithm and 
Its Improvement

2.1 Matrix CUR Decomposition

2.1.1 Definition 1

Let A be a matrix of m×n, and C be an m×c (general c < n) 
submatrix of A, R is an r×n (general r < m ) submatrix of 
A, U is a c×r matrix, then matrix A  is a low rank approx-
imation (CUR approximation) based on row and column 
selection of A, i.e.

A A=CUR≈  (1)

Where U is a normal matrix, U=C+AR+, and C+ and 
R+ are respectively the Moore-Penrose inverses of C and 
R. The CUR decomposition structure of the matrix can be 
simply expressed as follows:

Figure 1. The schematic diagram of matrix CUR decom-
position

2.1.2 Definition 2

If there are linear equations (in Moore-Penrose inverses): 
Ax=b, A ∈ Cm×n, b ∈ Cm, and X ∈ Cm×n, and if there is 
an arbitrary b, the linear equations have solutions: x=Xb, 
X=A+b, then matrix A+ ∈ Cm×n is called the Moore-
Penrose inverse of A. Obviously, the above definition 
must also be true for the real matrix.

2.2 Algorithm 1: CUR Matrix Decomposition Al-
gorithm

Input: the original image matrix A ∈ Rm×n

Output: the approximate matrix A ∈ Rm×n

(1) Randomly extract c (c ≤ n) columns from A to form 
submatrix C ∈ Rm×c ;

(2) Randomly extract r (r ≤ m) rows from A to form 
submatrix R ∈ Rr×n ;

(3) Calculate the normal matrix U=C+AR+, in which C+ 
and R+ are respectively the Moore-Penrose inverses of C 
and R;

(4) Return to the approximate matrix A =CUR of the 
original matrix A.

2.3 Improved CUR Matrix Decomposition Algo-
rithm

The CUR matrix decomposition algorithm has strong ran-
domness and instability in the process of constructing sub-
matrices C and R, which makes the constructed matrices 
U and A  uncertain, the error is large, and the randomly 
extracted columns or rows, due to their atypicality, will 
cause the loss of many important information of the origi-
nal image matrix.

We select an RGB image of jpg[15-16] format of 
512×512×3 from the international standard test image 
set and convert it into a double-precision gray image, as 
shown in Figure 2. Then we use this image as the original 
image of the subsequent simulation experiment (in the 
MATLAB environment).

Figure 2. The 512 × 512 original Lena image

We calculate the characteristics of the original image 
matrix row and column standard deviation distribution as 
follows.

DOI: https://doi.org/10.26549/met.v3i1.1185
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(a) The row standard deviation

(b) The column standard deviation

Figure 3. Image matrix row and column standard devia-
tion distribution bar graph

As shown in Figure 3, the distribution of the standard 
deviation of the row and column of the image matrix is 
very uneven, and the information of the image contained 
in the row or column with a large standard deviation 
is large, and the contribution to the image feature is 
also large. In the CUR decomposition, we construct the 
sub-matrices R and C by extracting the rows and columns 
with the largest standard deviation to preserve as much 
original image information as possible, so that the com-
pressed image quality is higher. The specific algorithm 
steps are as follows:

Algorithm 2: CUR Decomposition Algorithm 
Based on Standard Deviation Sampling

Input: the original image matrix A ∈ Rm×n

Output: the approximate matrix A ∈ Rm×n

(1) Calculate the row and column standard deviation of 
the original matrix A;

(2) Sort the row and column standard deviations in step 
(1) in order from largest to smallest;

(3) Select the columns and rows corresponding to the 
first c and the first r maximum standard deviations respec-
tively, and construct the submatrices C and R;

(4) Construct U according to step (3) of Algorithm 1;
(5) Return to the approximate matrix A according to 

step (4) of Algorithm 1.

3. CUR Algorithm Combining SVD

3.1 The Basic Principle of Matrix Singular Value 
Decomposition (SVD)

Principle 1: Let A ∈ Rm×n, there are orthogonal matrices 
U=[u1, u2, …,um] ∈ Rm×m, V=[v1, v2, …,vn] ∈ Rn×n, 
and 1 1{ } ,{ }t m m t n n

t tu R v R= =∈ ∈ , which make that,
TA U V= Σ  (2)

Where
1 1 2( , , ) , min{ , }, 0,m n

idiag R m nρ ρσ σ ρ σ σ σ σ×Σ = ∈ = ≥ ≥ ≥ ≥   
is called the singular value of A, and vectors ui and vi are 
called the i-th left and right singular vectors, respectively.

If ( )k r rank A≤ = , we define 1
T k t tT

k k k k t tA U V u vσ== Σ = Σ .
The singular values of any image matrix satisfy the 

“large L curve” as shown in Figure 4. Larger singular 
values only account for a small fraction of all singular 
values. We choose these larger k (k ＜ r) singular values 
to approximate the original matrix A, i.e. Ak ≈ A, which 
achieves the effect of reducing the rank.

Figure 4. Singular value characteristic curve of the origi-
nal image

3.2 SVD-CUR Algorithm

Since the image matrix is generally a full rank matrix, 
direct sampling will lead to a large lack of image informa-

DOI: https://doi.org/10.26549/met.v3i1.1185



9

Modern Electronic Technology | Volume 03 | Issue 01 | April 2019

Distributed under creative commons license 4.0

tion. We first perform SVD decomposition on the original 
image matrix, and the reduced rank, reduced rank ap-
proximation retains most of the original image. Then, the 
CUR decomposition of the standard deviation sampling is 
performed on the low rank matrix, which further reduces 
the image size, so that the information loss of the recon-
structed image is less, and the quality of the reconstructed 
image is improved. The specific algorithm steps are as 
follows:

Algorithm 3: SVD-CUR Algorithm

Input: the original image matrix A ∈ Rm×n
Output: the approximate matrix A ∈ Rm×n
(1) Perform SVD decomposition on A;
(2) Select the first k larger singular values and the cor-

responding singular vectors to construct a low rank matrix 
Ak;

(3) Gradually further process Ak according to Algo-
rithm 2;

(4) Return to the approximate matrix A ∈ Rm×n.

4. Accuracy and Compression Ratio Analysis 
Based on CUR Decomposition Method

4.1 Accuracy

The error produced by the original matrix after CUR de-
composition can be measured by the root mean square 
distortion ratio (PRD):

(%) F

F

A CUR
PRD

A
−

=
 (3)

Where 

1
22

ijF
i j

A a
 

=  
 
ΣΣ

 is called the Frobenius 
norm of the matrix.

The root-mean-square distortion ratio is a widely used 
test method for comparing the reconstruction performance 
of low-dimensional models. In some specific cases, the 
error rate is almost zero.

4.2 Compression Ratio

We calculate the ratio of the total number of elements in 
the original (uncompressed) matrix to the total number 
of elements in the corresponding low rank approximation 
matrix by calculating the Compression Ratio (CR).

4.2.1 Compression Ratio of CUR Decomposition

In the matrix CUR decomposition, we approximate the 

original matrix A by C ∈ Rm×r, U ∈ RC×r and R ∈ R-
r×n, at which point the compression ratio is:

1
mnCr

mc cr rn
=

+ +  (4)

Where c and r respectively represent the number of 
columns and rows stored in the low rank approximation 
image matrix. The compression ratio formula for CUR 
decomposition can be improved by the following method:

In the CUR decomposition, we store the original col-
umns and subsets of the data matrix A with C and R, re-
spectively. Obviously, C and R have cr elements that are 
identical. To improve compression efficiency, we replace 
the cr redundant data by storing c+r positions of these 
columns and rows. Therefore, the compression ratio based 
on CUR decomposition can be optimized to:

2 ( ) ( )
mnCr

mc cr rn cr c r
=

+ + − + +  (5)

  Later, we will use Formula (5) to calculate the com-
pression ratio of the CUR decomposition. It is easy to ob-
tain from this formula, and the larger the c+r is, the larger 
the number of rows and columns extracted from the orig-
inal image matrix, the smaller the compression ratio, and 
the smaller the amount of data compressed by the image. 
Conversely, the fewer the number of rows and columns 
extracted, the larger the compression ratio, and the more 
data the image compresses.

4.2.2 Compression Ratio of SVD-CUR Algorithm

At first, we define the compression ratio of the prepro-
cessed image after SVD decomposition:

3 ( 1)
mnCr

m n k
=

+ +  (6)

Where m and n respectively represent the row and col-
umn number of the image data before compression and k 
represents the number of larger singular values selected.

The compression ratio Cr of the SVD-CUR algorithm 
is defined as the sum of the compression ratio of the ma-
trix SVD decomposition and the compression ratio of the 
CUR decomposition, i.e.

2 3Cr Cr Cr= +  (7)
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5. Experimental Results and Analysis

5.1 Improved CUR Algorithm Experiment

(a)

(b)

(c)

(d)

(e)

(f)

Figure 5. CUR and its improved algorithm image com-
pression effects

As shown in Figure 5, (a), (b), and (c) are images recon-
structed from the digital matrix of Figure 2 by extracting 
250, 200, 150 rows and columns according to the sampling 
method in Algorithm 2; Figures (d), (e), and (f) are images 

DOI: https://doi.org/10.26549/met.v3i1.1185
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reconstructed after randomly extracting the same number of 
rows and columns according to Algorithm 1. Obviously, the 
quality of the reconstructed image of Algorithm 2 is better 
than Algorithm 1, and the sharpness of the image is gradu-
ally decreasing as the number of samples is reduced.

5.2 Experiment of SVD-CUR Algorithm

The simulation experiment of 5.1 shows that the improved 
CUR algorithm can achieve certain image compression 
effects when the number of rows and columns is large, but 
it is not ideal. In the experiment of SVD-CUR algorithm 
below, after SVD decomposition preprocessing is per-
formed on the image matrix of Figure 2, we carry out the 
experiment of CUR algorithm by extracting the smaller 
number of rows and columns, in order to further improve 
the compression ratio of the image. At the same time, in 
order to test the sensitivity of the CUR algorithm to the 
matrix rank before sampling, we divided the experiments 
into two groups. The ranks of the image matrices before 
the CUR algorithm were different in the two groups. The 
simulation results are as follows:

(a)

(b)

(c)

(d)

(e)
Group 1 (when k=64)

DOI: https://doi.org/10.26549/met.v3i1.1185
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(f)

(g)

(h)

(i)

(j)

Group 2 (when k=44)
Figure 6. SVD-CUR algorithm image compression effects

Table 1. Partial statistical characteristics of reconstructed 
images (Group 1)

Statistical 
indicators

SVD Decomposition 
Initialization Image

Sampling Number of Rows and Columns

100 80 60 40

Entropy 7.4274 7.4274 7.4274 7.4802 7.4373

Gray average 0.4154 0.4154 0.4154 0.4146 0.4017
Gray 

Standard 
Deviation

0.1839 0.1823 0.1823 0.1784 0.1689

Compression 
Ratio 3.9961 6.1519 6.6908 7.5891 9.3856

Table 2. Partial statistical characteristics of reconstructed 
images (Group 2)

Statistical 
indicators

SVD Decomposi-
tion Initialization 

Image

Sampling Number of Rows and Columns

100 80 60 40

Entropy 7.4396 7.4396 7.4396 7.4396 7.4857

Gray Average 0.4154 0.4154 0.4154 0.4154 0.4123

DOI: https://doi.org/10.26549/met.v3i1.1185
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Gray 
Standard 
Deviation

0.1839 0.1811 0.1811 0.1811 0.1768

Compression 
Ratio 5.8125 7.9683 8.5072 9.4055 11.2020

As shown in FIG. 6, the first group of images is (a)-
(e), and the figure (a) is an image reconstructed according 
to the SVD decomposition principle of the matrix, taking 
=64 (i.e., singular value less than 2 is ignored). Figures 
(b)-(e) are images reconstructed sequentially by extracting 
100, 80, 60, 40 rows and columns from the original image 
matrix (a) according to Algorithm 3; the second group of 
images is (f)-(i), Figure (f) is an image reconstructed with 
=44 (i.e., singular values less than 3 are ignored). Figures 
(g)-(j) are images reconstructed according to Algorithm 3 
using the same number of samples in Group 1 respective-
ly.

The quality of (a) in the first group is slightly higher 
than that in the second group (f), which is because when 
we perform SVD decomposition on the digital matrix of 
Figure 2, the number of singular values is more selected 
when reconstructing the image, and more information of 
the original image is retained.

Although the number of samples in these two groups is 
relatively small, the quality of image restoration is ideal. 
The first three images (a), (b), and (c) of the first group are 
almost indistinguishable, and the first four images (f), (g), 
(h), and (i) of the second group are almost indistinguish-
able. Compression is almost “lossless”. In contrast, the 
image restoration quality of the first group decreases more 
rapidly with the decrease of the number of sample rows 
and columns, and the image quality of the second group 
decreases relatively well with the decrease of the number 
of sample rows and columns which shows that the CUR 
algorithm has better robustness to low rank matrices.

As shown in Tables 1 and 2, the image quality evalua-
tion results obtained by the naked eye observation image 
are basically consistent with the partial objective metrics 
of the reconstructed image, and as the rank of the sampled 
image matrix decreases and the number of samples de-
creases, and then we can get a better compression ratio.

6. Conclusion

In order to preserve the image information reconstructed 
by the traditional CUR matrix decomposition algorithm, 
we propose a CUR matrix decomposition algorithm based 
on standard deviation sampling. The most basic evalua-
tion criteria for analyzing the accuracy and compression 
ratio of CUR matrix decomposition algorithm are also 
given. Furthermore, we combine the matrix singular value 
decomposition algorithm and the CUR matrix decomposi-
tion algorithm to preprocess the original image matrix by 

singular value decomposition, and then use the improved 
CUR matrix decomposition algorithm. The experimental 
results show that the reconstructed image quality of CUR 
matrix decomposition algorithm based on standard devi-
ation sampling is higher than the traditional CUR matrix 
decomposition algorithm, and the approximate image 
reconstructed by SVD-CUR algorithm can obtain a larger 
compression ratio, and the image compression effect is 
ideal and it is still very stable, and it also shows that the 
CUR algorithm is more suitable for the decomposition 
processing of low rank sparse matrices.

  Next, we consider compressing the face image using 
the algorithm proposed in this paper, and using the com-
pressed image as the pre-processed image, then perform-
ing image segmentation and feature extraction on them, 
and using pattern recognition technology to classify the 
face image of the batch. On the other hand, we will also 
explore the use of this algorithm for image data in specific 
areas, such as remote sensing images and medical images.
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1. Introduction 

Due to its applications in industry, annular two-
phase flow has drawn a lot of attentions in the 
last decades.[1-3] For annular two-phase flows, the 

boundary between the liquid and gas phase in the chan-
nel is an important aspect for their description. Electrical 
impedance/resistance tomography (EIT/ERT) is a kind of 
non-intrusive technique for flow visualization, which has 
been applied to monitor the multi-phase flow process by 
many researchers.[2-8] In EIT, a set of electrical currents 
is injected through a trail of electrodes attached on the 
boundary of the object and the voltages are measured on 

the electrodes. Then, with the relationship between the 
measured voltages and the injected currents the electrical 
conductivity distribution in the object is reconstructed. 

The Finite Element Method (FEM) and Boundary El-
ement Method (BEM) may be the most well-known nu-
merical methods based on mesh for solving EIT forward 
problems. In contrast, to avoid the disadvantages of nu-
merical methods based on mesh, a new class of numerical 
methods has been developed only based on a set of nodes 
without the need for any mesh, called  Meshless (or mesh-
free) Methods (MMs). Many MMs have been proposed 
and achieved remarkable progress over the last decades.
[9-13] In 2013, based on boundary distributed source (BDS) 
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method, Kim[14,15] suggested an improved boundary dis-
tributed source (IBDS) method, which was considered to 
be efficient to meet the requirements of high precision  for 
the forward problems of EIT.

Particle swarm optimization (PSO) is a parallel evolu-
tionary computation technique based on the social behav-
ior metaphor, which was proposed by Kennedy and Eber-
hart.[16, 17] Ijaz et al.[5] employed the PSO for the boundary 
estimation of an elliptic region using ERT, while this work 
was based on FEM solution of the forward problem. In 
2008, Park et al.[6] reported their work about the monitor-
ing of a radioactive waste separation process by taking 
use of PSO algorithm based on the analytical solution of 
EIT problem for concentric cases.

In this study, the IBDS is adopted for the EIT forward 
problem, and the PSO is employed to seek the boundary 
configuration of gas phase in an annular flow. The final 
goal of this study is to estimate the boundary between 
water phase and gas phase in a pipe with the potential dis-
tribution measured on the electrodes mounted on the outer 
surface of the pipe.

2. Mathematic Model of EIT

The cross section of our mathematic model using in EIT 
is shown in Figure 1, where bσ  is the conductivity of the 
water region (background), and bu  the potential distri-
bution of the water region, aσ  the conductivity of the air 
region and au the potential distribution of the air region, 
respectively. The radius of the pipe is 1R , the radius of the 
air region is 2R , the relative radius 2 1= /R Rρ , and the air 
core located at (xD, yD). 

Figure 1. Cross section of the two-phase flow in a pipe 
with 2 electrodes attached on the boundary

The potential distribution in the subject satisfies the 
following equation:

0uσ∇ ⋅ ∇ =  (1 )

and the following boundary conditions: 

l
le

u dS Iσ
ν
∂

=
∂∫ , ( ), lx y e∈ , 1, 2, ,l L  (2)

0uσ
ν
∂

=
∂

, ( )
1

, \ .
L

l
l

x y e
=

∈∂Ω


 (3)

l l
uu z Uσ
ν
∂

+ =
∂

, ( ), lx y e∈ ,  1, 2, , ,l L= 
 (4)

1 1
0 and  0

L L

l l
l l

I U
= =

= =∑ ∑  (5)

where ν  is the outward normal unit vector on the 
boundary, le  is the area of the l th electrode, lI  is the 
current applied to the l th electrode le , lz  is the effective 
contact impedance, lU  is the measured voltage on the l
th electrode and L  is the number of electrodes. 

3. IBDS Method for EIT Forward Problem

Based on the IBDS formulations,[14,15] the potential 
distribution and its normal derivative on the background 

\ DΩ  and on the inclusion D  can be expressed as,

1 1
( ) ( , )   and  ( ) ( , )

M M
b b

b j j b j j
j j

u p G p p q p Q p pµ µ
= =

= =∑ ∑ 

 (6)

1 1
( ) ( , )   and  ( ) ( , )

D DM M
a a

a j j a j j
j j

u p G p p q p Q p pµ µ
= =

= =∑ ∑ 

 (7)

Where p  is the field point, jp  are the source points,  
b
jµ  and a

jµ  are the source densities on the boundaries. 
And the diagonal elements for the Neumann boundary 
condition are expressed as:

1,

1( , ) ( , )
M

j j i j i
i i jj

Q p p Q p p l
l = ≠

≅ − ∑   (8)

Thus, the EIT boundary conditions and interfacial con-
ditions can be rewritten as

1
( ) ( , ) 0  for  

M
b

b i i j j i G
j

q p Q p p pµ
=

= = ∈∂Ω∑   (9)

( )   for  1, 2, ,
l

b b l
e

q p dS I l Lσ = =∫ 

 (10)

( ) ( )   for    and  1, 2, ,b i l b b i l i lu p z q p U p e l Lσ+ = ∈ = 

 (11)

( ) ( )  and  ( ) ( )  for  b i a i b i a i i Du p u p q p q p pκ= = − ∈∂Ω (12)

Where /a bκ σ σ= .
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Integrating equation (12) over an electrode and com-
bining equations (8), (9), and (11) we can have 

( )b b b b b b
EE E EG G ED D b l EE E EG G ED D UG G G D z Q Q Q C Uµ µ µ σ µ µ µ   + + + + + =   
     

 
(13)

Where

{ }( , )  for  ,    and  , , ,IJ i j i I j JG G p p p p I J E G D= ∈∂Ω ∈∂Ω ∈ 

 (14)

1 2( ) diag[ ( ), ( ),... ( )] E E

E E

M M
l l l l M mD z z p z p z p I ×= ⊗ ∈ℜ

 (15)

eye( ) ones( ,1)U EC L M= ⊗  (16)

From the insulation condition and interfacial condition, 
we have 

0b b b
GE E GG G GD DQ Q Qµ µ µ+ + =    (17)

b b b a
DE E DG G DD D DDG G G Gµ µ µ µ+ + =     (18)

b b b a
DE E DG G DD D DDQ Q Q Qµ µ µ κ µ+ + = −     (19)

Integrating the boundary condition and imposing the 
applied current, we have
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Where [ ]ones(1, 1); eye( 1)UN L L= − − −  and ( 1) 1Lβ − ×∈ℜ .

Thus the IBDS formulation of the EIT becomes
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We can express equation (24) as 

( / )b b b
EE E EG G ED D U l lV V V C ND z e Iµ µ µ+ + =  

 (25)

Where
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Finally, the system equations can be written as
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When the parameter set X=[xD, yD, ρ] is given, the volt-
ages on the electrodes can be calculated from Eqs. (4-7). 
In the EIT forward problem considered in this paper, the 
parameters is not known and it should be estimated based 
on the injected currents and the measured voltage data Vm 

(l=1,2,…,M). So the problem to be solved is to identify 
the unknown parameter set [xD, yD, ρ] which minimize the 
difference between the measured voltages lV  induced 
by the l-th current pattern and the calculated voltage lU . 
The object function to be minimized is defined as 

∑
=

−
=

L

l
l

ll

V

UV

1
ψ

 (31)
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4. PSO Algorithm 

The PSO algorithm is initialized with a set of random par-
ticles. Each individual in the particle swarm is composed 
of three K-dimensional vectors. These are the current po-
sition ix , the previous best position ip , and the velocity 

iv . The original process for implementing PSO is as fol-
lowing:[16, 17]

(1) Initialize a set of random particles with random ix  
and iv .

(2) Start loop
(3) For each particle, evaluate the desired optimization 

fitness function.
(4) Compare particle’s fitness evaluation with its pbesti 

. If current value is better than pbesti, then update  pbesti  
to the current value, and ip  equal to ix .

(5) Update ix  and iv  according to the following equa-
tion:

1 1 2 2 ( ) ( )
 

i i Lbest i Gbest i

i i i

v c v b w p x b w p x
x x v

← ⊗ + ⊗ ⊗ − + ⊗ ⊗ −
 ← +

     

  

 (32)

(6) If the maximum number of iterations is reached, 
then exit loop.

In equation (32), w1 and w2 are random numbers select-
ed in the range [0,1], and pLbest denoted the local best solu-
tion of the current particle, while pGbest denoted the global 
best solution in the whole population. In this paper, we set 
c=0.6 and b1=b2=1.7 as derived by Trelea [18]. 

5. Numerical Results 

In the simulation, suppose 4 electrodes were attached on 
the boundary. Three current patterns [1, -1, 0, 0], [1, 0, -1, 
0] and [1, 0, 0, -1] with the magnitude Im are used. 

In practically, considered the noise of the measured 
voltages, our data calculated from IBDS consider the 
measurement error as following:

Vmeas = V(1+ εn)

Where the measurement error εn is assumed to be 
Gaussian with zero mean. In the PSO algorithm, 10 par-
ticles are used, and the maximum number of iterations is 
200. 

Two numerical examples are simulated in this work, 
X=[xD, yD, ρ]=[0, -0.05, 0.9] and X=[xD, yD, ρ]=[-0.3, 
-0.05, 0.6], the conductivity of water bσ  is set as 1/300 
S·cm−1, and the conductivity of air aσ =0.  For each case, 
different percentage of noise are concerned: with 0% 
noise, 1% noise and 5% noise, respectively. 

Table 1 shows the numerical results for the two cases. 

From the parameters of the numerical examples it can be 
seen that the PSO technique estimates the location and 
radius of the air core quite well. The estimated parameters 
of the two examples are the same as the true value and the 
object function ψ is smaller than 10-5 without noise. For 
the other cases with noise, the location of the air core is 
estimated well, and the object function ψ is proportional 
to the relative noise.

Table 1. Parameters of the numerical examples

True value
Noise

Estimated value
ψ

xD yD ρ xD yD ρ

0 -0.05 0.9

0% 0.0000 -0.0500 0.9000 0.0000

1% 0.0000 -0.0494 0.9011 0.0442

5% 0.0000 -0.0485 0.9032 0.2101

-0.3 -0.05 0.6

0% -0.3000 -0.0500 0.6000 0.0000

1% -0.2981 -0.0497 0.6031 0.0490

5% -0.2890 -0.0479 0.6132 0.2417

6. Conclusion

In this study we consider the monitoring of an annular 
two-phase flow using EIT technique. The numerical solu-
tion of the forward EIT problem with eccentric cases is 
derived by using IBDS. The PSO algorithm is employed 
to estimate the center location and radius of the air core 
in water-air two-phase flow with the voltage on the elec-
trodes attached on the outer boundary of the pipe, by min-
imizing a cost functional with the analytical solution. The 
simulation results showed that PSO and EIT technique has 
been successfully applied to the monitoring of an annular 
two-phase flow. 
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1. Introduction

Railway marshalling transportation is responsible for 
the incoming of raw materials, the transportation 
of semi-finished product and the delivery of fin-

ished products, and a lot of other works. Therefore, railway 
marshalling and dispatching is an important infrastructure 
to ensure the normal operation of enterprises. Because the 
station railway is generally small in scale and the cost of 
using the existing railway intelligent dispatching system 
is high, most railway enterprises in China still rely on the 
dispatcher to manually compile the marshalling scheduling 
plan, which causes a huge gap with the advanced national 
intelligent railway network. But with the development of 
national economy, enterprise station railway faces more 
and more pressure. As the railway freight volume of sta-
tion increases, the need for marshalling and scheduling 
becomes more and more frequent. As the same time, job 
types of scheduling techniques are increasing and require 
greater flexibility. For enterprises, the operation of station 
railway marshalling not only needs to meet the planned 
production and transportation demand, but also needs to 
consider reducing the cost of the dispatching process, such 
as labor cost and energy consumption cost, which is great 
significance for reducing the transportation cost of enter-
prises and promoting environmental protection and energy 
conservation. Under the constraints of enterprise station 
railway scale and production cost, the existing intelligent 
railway dispatching system can hardly be applied directly to 
enterprise railway. Train scheduling and marshalling prob-
lem is a typical n-p problem. The conventional design idea 
is solved by mathematical modeling and genetic algorithm. 
In the field of mathematical modeling, Li[1] proposed a train 
control system based on global information feedback model 
for train scheduling. Krasemann[2] and He[3] respectively 
apply the greedy algorithm to reduce interference and avoid 
train interference, so as to realize rapid rescheduling of 
trains. By introducing genetic algorithm, Rui[4] solved the 
fuzzy scheduling problem in railway management system.

This paper designs a kind of general marshalling sched-
uling algorithm for enterprise station railway and realizes 
the automatic compilation of enterprise railway schedul-
ing plan by computer. This algorithm cannot only shorten 
the time of planning, improve the quality of the planning, 
reduce the burden of staff, but also to improve the level 
of the station scheduling in practical transport production 
and the efficiency of enterprise railway transportation has 
very important significance.

1.1 Background Knowledge

Station railway: also known as station yard, it refers to 

all railway tracks, including arrival and departure yard, 
parking yard, throat area, overhaul area, pulling out line, 
loading and unloading walking line and so on.[5]

Disassembly: decompose the trains according to the 
different demand of carriage distribution.

Distribution: according to the related requirements 
of the station planning sheet, in combination with the 
train arrival at the station, select the corresponding train 
group to carry out the disassembly operation, and arrange 
enough carriages for the marshalling departure in time.

Marshalling: according to the planned requirements re-
organize the trains.

Stage plan: according to the station equipment capaci-
ty, production status and the state of the railway approved 
vehicles, pre-prepared the station equipment application 
program within a certain period.

1.2 The Research Target

Disassembly, distribution and marshalling are the core 
processes of station train marshalling and scheduling. The 
common goal of the three processes is to organize a new 
train as soon as possible and prepare for departure at the 
minimum cost on the premise of meeting the planning 
requirements [6]. Because the train scheduling process in-
volves a large number of variables and multiple rules, the 
rules should be transformed into constraints when model-
ing, so the train marshalling scheduling problem is essen-
tially a large-scale combinatorial optimization problem. 
This paper mainly studies the following problems:

Design the automatic train marshalling scheduling 
model. According to the real-time status of the station, 
the computer can automatically compile the scheduling 
scheme, and the feasible marshalling meeting the planning 
requirements is obtained. 

The marshalling scheduling model is universal and 
flexible, which can be applied to different railway stations 
of different enterprises and can be used to deal with emer-
gency priorities.

Considering the economic benefit and cost of the en-
terprise station, the automatic marshalling model is op-
timized so that the obtained scheduling scheme has the 
shortest marshalling time and the minimum starting cost.

In the design of marshalling scheduling model, the 
scale of data processing needs to be taken into account to 
avoid data explosion, reduce the amount of data process-
ing and improve the solution speed under the premise of 
ensuring the optimal solution.

2. Mathematical Models

2.1 Train State Model

When the stage plan starts, there are n carriages in the sta-
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tion, and the status of the train in the station is shown in 
list A, A=[S(1), S(2)… S(n)]. S(i) represents the full state 
of a single carriage, S(i)=[Sw, Sc, Sp, St, Sl, Sn, So, Sa].

Sw, Sc, Sp and Sa represent the carriage wagon number, 
carriage category, carriage commodity and carriage attri-
bution respectively. Each carriage has a fixed wagon num-
ber and place of attribution, and can only carry a specific 
commodity. In the same way each commodity must be 
carried by a specific category of carriage. St and Sl indi-
cate the train’s position and state, St indicates the parking 
track of the carriage, and Sl indicates the positioning of 
the carriage on the corresponding track. Sn refers to the 
effective state of the train, and Sn=1, 0 is set to indicate 
whether there is any follow-up plan for the carriage. So 
represents the train’s working state, So=1, 2, 3 respectively 
represent the three working states of railway carriages in 
the station during the stage planning period. When So=1, 
the carriage is in the existing state, which means that the 
carriage has completed all the foreordination tasks and is 
placed on the respective track, which can be directly in-
voked. When So=2, the carriage is in the waiting loading 
and unloading state, which means that the carriage has 
arrived at the station, and the train information has been 
entered through the loading and unloading inspection, 
waiting for the unloading operation after the disassembly. 
When So=3, the carriage is in running state, which means 
that the carriage is about to arrive at the station according 
to the railway operation diagram and has been registered 
on the dispatch schedule.

2.2 Orbital State Model

When the stage plan starts, there are m orbits in the sta-
tion, and the status of the orbit in the station is shown in 
list B, B = [P(1), P(2)... P(m)]. P(i) represents the full state 
of a single orbit, P(i) = [ Pt, Pw, Pf].

Pt represents the orbit name, Pw represents the carriage 
capacity of the track, number each track from 1 to Pw, and 
the carriage can stop at the corresponding sign. F is the 
orbit function set of the station. Pf={1,2,3,4,5} represents 
the five types of functions of the station’s track: arrival 
and traction marshalling line, preparatory emergency task 
line, parking traction line, loading line and unloading line.

2.3 The Introduction of Time Cost

2.3.1 Time Cost of Scheduling Operations[7]

Suppose the marshalling waiting time of the carriage is 
Tw and the stage planning cycle is TD. The marshalling 
waiting time of the carriage under different working con-
ditions is as follows:

Existing trains:

TW jt bzt t t= + +  (1)

Arrival waiting for loading/unloading trains:

TW jt zx bzt t t t= + + +  (2)

Running trains:

TW dd jt zx bzT t t t t= + + + +  (3)

tjt refers to the time when the carriage hangs and dis-
connects from the original track, tbz refers to the time 
when the carriage is marshaled in a dispatch operation, 
△ t refers to the waiting time caused by equipment or hu-
man factors. tzx refers to the loading and unloading opera-
tion time. Tdd is the estimated arrival time of the scheduled 
train. 

2.3.2 Orbital Time Cost

The list L represents the connectivity relationship between 
the different orbits, L= [T(1), T(2)…T(n)], T(i)= [Tl, Tr, 
Tw], Tl and Tr are two connected orbits, and Tw is the time 
cost of moving trains between Tl and Tr. To sum up, the 
time cost of completing all the scheduling shall not ex-
ceed the phase scheduling cycle, the scheduling must be 
completed within the specified time with constraints:

  D WT T≥∑  (4)

The goal of optimal marshalling scheduling is to satisfy 
the phase plan while achieving the minimum time cost.

( )min
Tw∑  (5)

3. The Scheduling Rule Method Library

Due to the considerations of production products, geo-
graphical location and other factors, the enterprise station 
railways often have great uniqueness under the principle 
of abiding by the national railway scheduling rules, while 
the factors of marshalling and scheduling among different 
stations are also very different. The system universality 
can be greatly improved by establishing a database of 
scheduling rules, encapsulating each general scheduling 
rule independently and making calls based on different 
station situations [8]. By using scheduling rules, the gen-
eration of invalid scheduling schemes can be avoided and 
the amount of data processing can be reduced.

3.1 General Constraint

3.1.1 Security Constraint

There is only one locomotive activity in the station at any 
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time. Only one scheduling job can be performed at the 
same time, which avoids the interference between sched-
uling operations and ensures the safety of station schedul-
ing.

3.1.2 Anti-pollution Constraint

In order to ensure the safety of commodities and avoid 
pollution, a carriage only transports one commodity.

3.2 The Selection Rule of the Carriage

The purpose of the rule is to select the appropriate car-
riage from all carriages of the station by screening the 
commodity name Rc and quantity of the carriage Rn. Ini-
tialize the station status space, get all the train list A, A=[S 
(1), S (2)… S (n)], according to this algorithm the whole 
suitable carriage list A0 can be obtained. The algorithm 
pseudocode is as follows.

Table 1. Algorithm pseudocode of selecting the fit-
ting-carriage

3.3 The Read Rule of Emergency Priority Plan

Set the priority symbol Rp, Rp =0, 1, for each plan on 
the stage plan list, if there is an emergency priority plan, 
Rp=1, it is preferred to carry out the plan scheduling. The 
preparatory emergency task line is used as the target mar-
shalling track, which is not subject to the lower limit of 
the marshalling starting load.

3.4 The Parking Rule of the Disintegrating Train

In the process of disassembly, it is often necessary to 
make temporary movement of the unqualified carriages. 

According to the functional definition of the track, only 
the arrival traction marshalling line and parking traction 
line can be temporarily scheduled and parked. The pur-
pose of the rule is to obtain all temporary orbits that sat-
isfy the functional type and are currently empty and put 
them in the list B*. Initialize the station status space, get 
the entire train list A, A=[S(1), S(2)… S(n)], get the entire 
orbit list B, B=[P(1), P(2)... P(m)]. The algorithm pseudo-
code is as follows.

Table 2. Algorithm pseudocode of selecting fit temporary 
orbit

3.5 Load Constraint of Locomotive[6]

( )min maxL ,f fL j L j D≤ ≤ ∀ ∈  (6)

( )min maxW ,f fW j W j D≤ ≤ ∀ ∈  (7)

While considering the marshalling time, the economics 
of scheduling operations should be constrained. In the 
formula, D denotes the train sets that need to be moved, 
L is the number of locomotive traction carriages. Formu-
la (6) is the limitation of the number of carriages towed 
by locomotives. The main objective of the constraint is 
to prevent the enterprise from excessively pursuing the 
shortest scheduling time while ignoring the economic ben-
efits. This constraint is mainly used to limit the number 
of carriages of trains that have been marshalled and are 
waiting to leave. The number of carriage per departure at 
the enterprise station shall reach a certain lower limit, but 
not exceed the carrying capacity of the locomotive at the 
same time.

Formula (7) is the limitation of the total weight of the 
locomotive towed carriage, W is the tractable load of lo-
comotive. This constraint limits the economic benefit and 
time cost of locomotive departure from the perspective of 
load. The total weight of the waiting train shall not exceed 
the traction capacity of the locomotive, but it must meet 
the lower limit of departure.
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4. Greedy Algorithn Design

Greedy algorithm means that when solving problems, it 
always makes the best choice in the current situation. The 
core of the station railway marshalling and dispatching is 
to find the marshalling scheme with minimum time cost 
and optimal economic benefits based on the completion 
of the plan. At the same time, when the number of sta-
tions and the number of trains reaches a certain scale, the 
number of possible scheduling and marshalling schemes 
will explode, and the introduction of greedy strategy can 
effectively avoid this situation. In this paper, greedy algo-
rithm is introduced in the selection of carriage, composi-
tion of carriage group and the selection of track involved 
in scheduling. Taking advantage of the greedy algorithm, 
the optimal solution can be obtained by generating fewer 
schemes in less time.

4.1 The Application of Greedy Algorithm

4.1.1 The Choice of the Best Carriages

According to the analysis of the waiting time Tw formu-
la of different working states of the carriages, it can be 
known that the waiting time of the three working states 
is gradually increased in the existing state, waiting for 
loading and unloading state and running state, and the 
shortest waiting time is the carriage in the existing state. 
According to the screening by scheduling rules, all adap-
tive carriage list A0 has been obtained. Greedy algorithm 
is used to get the optimal carriage list A* the algorithm 
pseudocode for finding the optimal carriage is as follows.

Table 3. Algorithm pseudocode of selecting the best car-
riages

4.1.2 The Choice of the Best Dispatch Orbit

According to the parking rule of the disintegrating train, 
select the optimal dispatch channel with the minimum 
moving cost. However, if there are multiple train disas-
sembly operations in a plan, different orbits may interfere 
with each other, so this greedy strategy is used for the 
plan of single disassembly only. The algorithm flow is as 
follows.

Step 1: Initialize the station status space, get the list L 
of connected relationships of all tracks in the station, and 
get the carriage’s orbit T0 which need to move, then ac-
cording to the parking rule of the disintegrating train get 
the temporary track list B*.

Step 2: Traverse all orbit in list L. If Tl = T0, or Tr = T0, 
put all the orbits that are connected to T0 in list L1.

Step 3: L* = L1∩B*. According to the track design 
rules of the station, there is no unconnected part in the 
track of the station, so L*≠null.

Step 4: Iterate through the list L* to find the femoral 
Tbest with the minimum Tw moving time cost.

4.1.3 The Choice of the Best Carriage Groups

According to the daily safety regulations of railway sta-
tions, carriages parked on each track are connected in a 
row. In the selection of multiple marshalling carriages, if 
some adaptive carriages were joined together in a row, the 
time cost of disassembly, Distribution, and marshalling 
on these carriages would be greatly reduced. Therefore, 
when the optimal carriages in list A*connected to form 
into a group, if the group containing the number of car-
riages greater than or equal to the planned number Rn 
of carriages, we will get the optimal cost of marshalling 
time; because at this point the train needs to carry out the 
least number of disassembly operations. At the same time, 
if the first carriage of the group is at the beginning of the 
track 1 position, the time cost of scheduling will be fur-
ther reduced. Since there is more than one carriage group 
that meets the conditions of greedy strategy, all suitable 
carriage groups are placed in the list G*. The algorithm 
for finding the best carriage group is as follows.

Step 1: Initialize the station status space, get the 
best-carriage list A*, and read the stage plan to get the re-
quired the required number of carriages Rn.

Step 2: Locating all carriages in A* and get the con-
nected carriage group list G, G= [g1, g2…gn], gi=[S(1), 
S(2)… S(q)].

Step 3: Traverse all carriage groups in list G. If group 
gi contains carriages more than or equal to Rn, the corre-
sponding group gi would be stored in the group list G1, 
until the traversal is complete to get the full group list G1. 
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Step 4: If G1≠null, all groups in list G1 are traversed. If 
group gi contains carriages whose Sl=1, the corresponding 
group gi is stored in the best-group list G*, until the tra-
versal is complete to get the full best-group list G*.

Step 5. If group gi doesn’t contain carriages whose Sl=1, 
according to choice of the best dispatch orbit, make tem-
porary movement of the unqualified carriages, G*= G1, 
and record the time cost Tw.

4.2 Marshalling Algorithm Design 

Initialization

Rp=1?

Read the program information
 and determine the target marshalling orbit 

Use of scheduling rule library and greedy algorithm

G*=null?

∨g(i)∈G*,intercept the same number of carriages as Rn to move to the target 
track, and record Tw

Y,  priority plan

N, regular plan

The g(i) train group with the minimum Tw is selected to obtain the optimal 
grouping scheme of a single plan, update station status space

Complete all stage plans in sequence and accumulate optimal marshalling and 
minimum time costs

N

Y
∨g(j)∈G, g(j) move to the target track, record Tw

Rn =Rn -length(g(j)),G=G-g(j)

∨g(i)∈G,
length(g(i))≥Rn

Y

N

∨g(i)∈G, intercept the same number of carriages as 
Rn to move to the target track, and record Tw

Figure 1. Flowchart of marshalling algorithm

Step 1: Initialization. Initialize the station state space, 
the orbital list and the phase scheduling plan sheet.

Step 2: Emergency priority planning judgment. Use the 
traversal scheduling plan sheet. If there is an emergency 
priority plan in the phase plan table, Rp=1, the emergency 
plan is prioritized firstly. If not, the regular plan should be 
marshalled in sequence.

Step 3: Read the program information and determine 
the target marshalling orbit. In the orbital list B, if there 
is a regular plan, arbitrarily select the orbit P(i) of Pf=1 
as the target marshalling orbital T*. As for emergency 
priority plans, choose the orbit whose Pf=2 as the target 
marshalling orbital T*.And read the stage plan to get the 
required commodity name Rc and the required number of 
carriages Rn.

Step 4: Use of scheduling rule library and greedy algo-
rithm. According to the choice of the best carriages, get 
the fitting-carriage list A0. According to the choice of the 
best carriages, get the full best-carriage list A*. According 
to the choice of the best carriage groups, get the best car-
riage group list G* and the connected carriage group list G.

Step 5: When the list G* is not empty, as for each group 
g(i) in G*, respectively intercept the same number of 
carriages as Rn to move to the target track, and record the 
time cost Tw. The carriage group g(i) with the minimum 
Tw is selected to obtain the optimal grouping scheme of a 
single plan, then update station status space.

Step 6: If the list G* is empty, sort the carriage group 
in list G from large to small, then, each group g(j) in G 
respectively move to the target track and record the time 
cost Tw, Rn =Rn -length(g(j)), G=G-g(j). Update the station 
status space and determine whether the remaining carriage 
groups can directly meet the planned number. If there is 
g(i) in G, length(g(i))≥Rn, intercept the same number of 
carriages as Rn to move to the target track, and record 
the time cost Tw. These groups have the lowest cumula-
tive time cost are selected to obtain the optimal grouping 
scheme of a single plan, then update station status space.

Step 7: Sequential read plan, repeat steps 1-6, until all 
the plan is completed, and record all marshalling time to 
calculate the least time-consuming marshalling scheme.

4.3 Algorithm Analysis

The algorithm is universal and flexible. In terms of the 
program design, the track state, the station train state, the 
track connectivity relationship and the stage schedule can 
be directly modified, which greatly improves the univer-
sality of the model. The emergency plan has been set with 
a sign, which can be quickly recognized and scheduled.

The concern of this algorithm lies in step 5, 6. For the 
general enterprise station, the parking of the train carriag-
es should be as neat as possible. For example, after un-
loading, the carriages will be parked separately according 
to the name of the product or the place where the carriages 
belong. And the station should be maintained with enough 
carriages for daily production and transportation and 
emergency response. The more standard of the station, 
the more efficient of the greedy algorithm; If the carriages 
carrying the same cargo are parked together in an orderly 
way after loading and unloading, the number of carriages 
in the list G* can always meet the planned number, and 
the efficiency of this algorithm will be greatly improved.

5. Experiment and Performance Analysis 

This paper takes the railway station of Baling petrochem-
ical supply and Marketing Department of Yueyang city, 
Hunan province, China as the experimental environment, 
and conducted the experiment on the stage plan and the 
state of the field. There are 27 tracks and 41 sets of side 
connections in the station, and have 67 carriages, 7 stage 
plans, and 1 available locomotive in the experimental 
environment. The experimental results of automatic mar-
shalling algorithm based on greedy strategy and schedul-
ing rule base are as follows.

Plan 5 is a priority plan, so it is executed first by the 
algorithm. It can be seen from the experimental results, 
there is no big difference between the two methods when 
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the carriages are parked neatly and in sufficient quantity 
on the spot, such as the marshalling of plan 1 and plan 3. 
When non-marshalling carriages movement is required, 
greedy algorithm can quickly select temporary track to re-
alize marshalling, such as plan 2 and plan 4. The schedul-
ing algorithm introduced by greedy strategy is better than 
using only the scheduling rule library. When the number 
of available carriages is large, but the parking locations 
are scattered, which cannot meet the planning needs at 
one time, the running time of automatic marshalling algo-
rithm and the number of schemes generated will increase 
with the increase of the number of scheduling. At this 
time in order to avoid the problem of local optimization 
caused by greedy algorithm, greedy strategy is only used 
in the choice of temporary dispatch channel, but not in the 
choice of optimal carriages. At this point, the algorithm 
still effectively improves the performance, as shown in 
the experimental results of plan 6 and 7. When the entire 
schedule is marshaled, there will be interference between 
different plans, and the algorithm’s operation time and 
data processing amount will increase, but the algorithm 
still achieves the expected performance. The experimen-
tal results show that the designed automatic marshalling 
strategy can realize the automatic compilation of schedul-
ing plan in a very short time, and get approximate optimal 
marshalling scheme and the minimum time cost. 

6. Conclusion

In this article, through the analysis of enterprise station 
marshalling scheduling process, determine the scheduling 
process real-time information, the automatic compilation 
algorithm of station railway marshalling and dispatching 
is established. This model is well balanced fast marshal-
ling and optimal time cost contradictions. In this paper, 
the time cost is used as the index to measure the marshal-
ling scheme. In addition to solving the optimal scheduling 
scheme, the greedy algorithm reduces the complexity of 
the algorithm and improves the solving speed. And the 

economic benefits of the enterprise are guaranteed by 
multiple constraints of the scheduling rule base. The fea-
sibility and reliability of the model have been verified by 
practical simulation. The algorithm proposed in this paper 
is progressive significance to realize automatic scheduling 
and intelligent marshalling of enterprise stations. 
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Table 4. Comparison of experimental results

Scheduling rule library Scheduling rule library+ Greedy algorithm
Data processing 
volume decrease 

percentage

Percentage 
decrease in data 
processing time

Scheme quanti-
ty

Optimal time 
cost

(min)
Solve time (s) Scheme quantity Optimal time 

cost (min) Solve time (s)

Plan5 2 40 3.77 2 40 2.31 0% 38.72%
Plan1 1 35 2.66 1 35 2.67 0% 0%
Plan2 9 80 6.91 1 80 2.09 88.89% 69.95%
Plan3 2 45 2.67 2 45 2.64 0% 1.12%
Plan4 22 40 11.87 2 40 6.65 90.91% 43.97%
Plan6 137 80 43.50 48 80 34.58 64.96% 20.45%
Plan7 110 40 50.01 44 40 27.60 60% 44.81%
Total 340 360 122.64 128 360min 64.28 62.35% 47.59%
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1. Introduction

The development of social economy has gradually 
improved people's living standards. To a certain 
extent, people have put forward higher require-

ments for their living environment and quality of life. The 
urban process is accelerating, and electricity consumption 
is constantly occurring. As an important energy source in 
people’s living environment, electric energy is constantly 
increasing in demand for electric energy. Therefore, in 
order to ensure the quality of the use of electric energy, 
it should ensure that the grid can be effectively operated, 
and relevant personnel should do a good job in grid plan-
ning. However, in the process of actual work, it will be af-
fected by many factors, which will further affect people’s 
life and work. To improve the operation efficiency of the 
distribution network, it is necessary to apply the automa-
tion system in the urban distribution network environment 

and implement real-time monitoring of the distribution 
network application, so as to ensure the normal operation 
of the urban distribution network.

2. The Analysis of the Significance of Urban 
Distribution Network Automation

Power enterprises should ensure the stability of power 
supply and the quality of power distribution. Therefore, 
innovation and development of automation technology 
and computer technology are needed. The application of 
distribution network automation can save a lot of man-
power and material resources and avoid cost waste. At the 
same time, it can also avoid the failure of power supply, 
improve the quality of urban power supply, and play an 
important role in the power supply system. Therefore, the 
application of distribution network automation systems 
plays an important role in power enterprises. The main 
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role of urban distribution network automation is mainly 
for the main operation of the power system, and it is con-
venient to dispatch automation power. Distribution net-
work automation technology is formed using a variety of 
technologies, which is a new science and technology, not 
only with remote operation, but also control of the power 
system, which guarantees the stable operation of the pow-
er system on a certain basis and effectively maximizes the 
economic benefits of the enterprise.

At present, in the process of urban distribution network 
operation in China, it is necessary to ensure the stability 
of power supply. Distribution line wiring can be affected 
by many factors, because the power supply line is affect-
ed by the external environment and will be affected for 
a long time. But now there are many power supply units 
that gradually bury the electrical lines underground. At 
present, there are many urban distribution network lines 
using cables, which improved the power supply effect to 
a certain extent, making the application of urban distribu-
tion network automation more convenient and promoting 
the rapid development of the city.[1]

3. Existing Problems in China's Distribution 
Network at the Present Stage

3.1 Problems with Power Supply Layout

At this stage, during the operation of the distribution net-
work, there are generally some problems, and the power 
loss is relatively high. There are many areas in China that 
have established grid systems very early. Therefore, the 
actual distribution of the power point is not combined 
with the actual situation, and the distribution is unreason-
able. However, the power supply radius is relatively long 
in some areas, and there is also a phenomenon of line 
damage. Such problems seriously lead to serious prob-
lems in the process of power transmission. In the process 
of power system operation, the quality of materials used 
is relatively poor, which will seriously affect the future 
development of power enterprises.

3.2 The Overall Structure Is Not Reasonable 
Enough

At present, there are many problems in the design of pow-
er grid structure in China, and to a certain extent, affect 
the supply of electricity, which will be limited by many 
factors, and people will be affected by electricity con-
sumption in their daily lives.

3.3 Transportation Channel of the Distribution 
Network

In the process of urban distribution network planning, it is 

usually necessary to build cables and overhead lines, so as 
to keep up with the network operation of the distribution 
network. However, such construction costs are relatively 
high, and in the process of concrete construction, it will be 
affected by many factors.

3.4 The Degree of Distribution Network Automa-
tion Construction Is Relatively Backward

The construction of China's distribution network is rela-
tively late. Therefore, in the process of construction, it is 
relatively low and cannot meet the development needs of 
social power. In fact, the scope of distribution network au-
tomation needs to be extensive. In the process of automa-
tion of distribution network, it often costs a lot of money. 
At present, in the process of building automation network 
for distribution network, China has certain requirements 
for equipment selection and technologies, and it needs to 
be strengthened in the management mode. These factors 
directly affect the normal operation of the entire distribu-
tion network system.

4. Research on the Methods of Urban Distri-
bution Network Automation

At present, many countries use distribution network auto-
mation systems and have achieved certain results. Howev-
er, relevant staff should also be aware that the actual situ-
ation is more complicated. At present, some regions have 
no strength and cost investment, and there are no corre-
sponding problem-solving measures, which will hinder 
the future development of power enterprises to a certain 
extent. At the same time, there are still many problems in 
the power supply enterprises, such as mechanical equip-
ment and management, which limits the development of 
urban distribution network automation technology. In this 
paper, the urban distribution network automation is stud-
ied from four aspects: distribution network frame equip-
ment, Informatization system, automation system, and 
automation communication.

4.1 Establish an Effective Hardware Support Sys-
tem

Forecast the hardware in the market, collect the data in a 
scientific way, and combine the data for detailed analysis, 
which can accurately predict the demand for electricity, 
and there is a more powerful function that predicts the 
distribution of future electricity use. The use of electricity 
management repair system, power management is mainly 
through the network information system for management 
and supervision, if there is any abnormal situation of elec-
tricity, alarm, reduce safety is the occurrence of accidents, 
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which fundamentally guarantees the people’s life safety 
and significantly improves the practical level of distribu-
tion automation engineering, making the distribution net-
work automation system improve the reliability of power 
supply and effectively promoting the engineering quality 
and social and economic benefits.

4.2 Data Sharing

In fact, the automation technology of the power system 
has high requirements, effectively promoting the sharing 
of data within the system. In the process of data sharing, 
relevant departments of the enterprise should establish an 
independent management organization to strictly manage 
the power system. Analyze in the context of the entity, 
and define and improve the standardization, for the area 
covered by the power system, and also need to have data 
information of physical attributes, and then standard ex-
pression. The dependence of people’s life on the power 
system, the distribution network has become an important 
part of life, so the government and relevant departments 
should pay attention to the power system. Therefore, it 
is necessary to analyze the actual situation, make overall 
plans for the operation of the system, adjust the parts lo-
cally, and effectively realize the automation of the power 
system, thereby improving economic benefits.

4.3 Feeder Automation

In the process of grid system operation, an effective con-
trol plan should be formulated, which is an advantage 
for on-site control, which mainly achieves the purpose 
through the functions of the recloser and the segment-
er, and establishes a monitoring mode platform, and the 
information collected by the feeder terminal is transmit-
ted back to the main station. If there is a fault, effective 
measures should be taken, mainly to collect information 
for judgment and analysis, and remote control. In combi-
nation with the actual situation, a detailed plan for power 
restoration can be made under the cooperation of intelli-
gent switch and short circuit, which can cut off the faulty 
circuit accurately and timely, and effectively control the 
fault area.

4.4 Ensure Automation Safety

Power system automation technology should have certain 
flexibility to ensure the normal operation of the power 
system. The power system automation technology can 
effectively adjust the power, which can ensure the work-
load and work risk of the staff. Power enterprises should 
formulate relevant policies and timely maintenance of 
the power system, because automation technology is very 

important for data recording and updating, and can effec-
tively reduce the cost budget in daily operations. But for 
the staff, the most basic thing is to ensure the safety of the 
employees. Power system automation technology has cer-
tain monitoring capabilities, and what abnormal problems 
occur in actual work, especially when a safety accident 
occurs, the automation system can promptly remind and 
take effective measures.

4.5 Strengthen the Detection of Power Distribu-
tion and Power Line Materials

In daily construction, leaders should pay attention to the 
detection of power transmission and distribution and 
power line materials. Before the work is carried out, the 
manufacturers of circuit materials should be selected. It is 
not necessary to purchase some materials that are not up 
to standard in order to reduce the cost of the enterprise. 
Therefore, strict inspection and testing are carried out 
before the safe operation of the transmission and distribu-
tion and power engineering lines, so that problems such 
as tripping during the use of the line can be effectively 
avoided. In the application of line materials in engineer-
ing, attention should be paid to the accuracy of line instal-
lation to ensure safe and reliable operation of the line.

4.6 Distribution Automation System

(1) In the process of urban distribution network auto-
mation construction, the adoption of information technol-
ogy is a necessary condition. Building a complete distri-
bution automation system requires unified integration and 
planning of distribution network data, user data and grid 
structure, and geographic graphics, which can effectively 
help monitor, protect and control the operation of the dis-
tribution network.

(2) At this stage, the urban distribution network au-
tomation system mainly uses GIS power distribution 
technology. In the process of computer integrated system 
operation, the geographic information system and pro-
duction operation management technology are used for 
unified control of the distribution network planning. Spe-
cifically, it is the application of the GIS system, which can 
effectively maintain data parameters, network protocols, 
and the like. In the automatic generation of relevant data 
parameters, it should be combined with wiring diagrams, 
ring diagrams and one-line diagrams. But at the same 
time, when the power companies are using, they should 
strengthen production management, master the detailed 
information of customers, and comprehensively design the 
entire plan and plan, thereby improving the practicability 
of the system, effectively solving the problems of the data 
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graph and improving the work efficiency.
(3) In the process of power system operation, to fa-

cilitate the access of data and communication interfaces, 
relevant staff should master the distribution of the struc-
ture and the application of the system, which will improve 
power quality and service to facilitate sharing data with 
other systems.

(4) The distribution network mainly monitors the re-
mote area. The data acquisition and monitoring control 
system is mainly applied in the distribution network. At 
the same time, the terminal equipment and the commu-
nication system are accepted to understand the real-time 
status control. Among them, the real-time status usually 
refers to the data of the 10kV line column switch, ring 
network cabinet, distribution transformer and opening and 
closing station, protection action information and opera-
tion data.

(5) In order to ensure the expansion of the functions 
and scale of the distribution network automation system, 
the power system has the possibility of linear and seam-
less expansion. In the construction of distribution network 
automation system, adequate preparation should be made, 
mainly to determine the scale of the system, the size of the 
memory, the processing speed, etc., to effectively realize 
the realistic needs of the vision of distribution network 
automation.

4.7 Research on the Distribution Network Plan-
ning

In order to build a distribution network automation system 
quickly and efficiently, the distribution network planning 
should be done in advance. In the process of planning, 
the source of funds and system management should be 
considered comprehensively to ensure the normal opera-
tion of the distribution network automation system. In the 
process of construction, attention should be paid to the 
equipment itself and the problems of overweight and pow-
er supply capacity of the load. Moreover, in the work, the 
principle of ductility should be adhered to, and the current 
and substation should be comprehensively controlled. 
Relevant staff should make overall planning according to 
the actual development of local city distribution network 
automation, and must meet the actual requirements of au-
tomatic operation of distribution network. In the process 
of transforming the distribution network frame, distributed 

contribution should be carried out.

4.8 Improve the Professional Skills and Compre-
hensive Quality of Professionals

Power companies should pay attention to the training of 
dispatching staff. In the dispatching work, the profes-
sional skills and safety awareness of operators should be 
strengthened. Enterprises must implement safety manage-
ment work. As a staff of power dispatching, they should 
be aware of the importance of power dispatching work, 
constantly absorb new working concepts in their work, 
and strictly abide by the relevant systems of power dis-
patching. In the actual work, the responsibility system for 
dispatching posts should be effectively implemented. The 
dispatching agency is an important department to ensure 
the safety, quality and economic operation of the power 
grid. With the development of society and the continuous 
improvement of people's living standards, society has a 
strong dependence on electricity, and the dispatching re-
sponsibilities of power grid workers are getting heavier 
and heavier. To this end, the grid dispatching system must 
have a high-quality cadre team and technical team.

5. Conclusion

In summary, in the continuous development of the social 
economy, we must strengthen the planning and design of 
the distribution network automation system. In this pro-
cess, it is necessary to comprehensively analyze and com-
prehensively consider the automation system and charac-
teristics of the distribution network in combination with 
actual needs and current conditions, under the support of 
modern science and technology, it can timely and effec-
tively identify faults in distribution network operation, 
realize real-time control of distribution network operation, 
ensure the safe operation of distribution network, and 
promote the continuous development of China's electric 
power industry.
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1. Introduction

In the early 21st century, China’s leaders regarded the 
Internet of Things as the key point of China’s industri-
al development, providing a basis for the large-scale 

promotion and application of Internet of Things technol-
ogy. The education and teaching platform on the basis of 
the Internet of Things technology is mainly through the 
design of the wireless communication module, and the 
original education and teaching base as the platform for 
the organic integration of product development and exper-
imental teaching modules. Through the design and opera-
tion of the intelligent teaching base on the basis of the In-
ternet of Things, the development efficiency of the overall 
education industry in China can be effectively improved. 
Therefore, it is very important to conduct an appropriate 

analysis of the intelligent teaching base on the basis of the 
Internet of Things technology.

2. Overview of the Smart Teaching Base

The Smart Teaching Base, also known as Smart Class-
room, Future Classroom, etc., is an important component 
of the Smart Campus solution. The smart teaching base 
is an enhanced education and teaching base. It can real-
ize the intelligent regulation and control of audio-visual 
equipment and seamless access of resources through the 
application of high-tech software and hardware equip-
ment, which provides a basis for the improvement of 
overall classroom education and teaching management 
efficiency.
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3. Research Background of Smart Teaching 
Base on the Basis of Internet of Things Tech-
nology

Under the background of IBM’s concept of smart earth, 
relevant professional scholars in China have further ex-
plored the construction of “smart teaching base” on the 
basis of Internet of Things technology. For example, 
Jian Yan, et al. proposed the overall design policy and 
layered design method of the campus Internet of Things 
infrastructure; Yonghua Zhou, et al. proposed the use of 
advanced information technology such as the Internet of 
Things to build a “smart teaching base” overall solution.
[1,2] The above scholars’ comments and elaboration of the 
“smart teaching base” research theory laid a solid theoret-
ical foundation for the construction of smart teaching base 
on the basis Internet of Things technology.

4. Smart Teaching Base Design on the Basis 
of Internet of Things Technology

4.1 Principle of Smart Teaching Base on the Basis 
of Internet of Things Technology

The smart teaching base on the basis of the Internet of 
Things technology mainly uses the PLC controller as 
the terminal control module. Through the temperature, 
illumination detection, infrared detection, humidity data 
acquisition and wireless receiving signal acquisition, the 
internal data information of the teaching base can be ob-
tained. Then, using the Internet of Things technology, the 
basic environment facilities such as lights and curtains in 
the teaching base can be automatically adjusted. Such as 
lighting energy control, automatic temperature and humid-
ity adjustment, safety monitoring and warning, curtains 
opening and closing.

4.2 Physical Structure of Smart Teaching Base on 
the Basis of Internet of Things Technology

From the physical level of analysis, the smart teaching 
base on the basis of the Internet of Things technology 
mainly includes three modules: the sensing control layer, 
the information transmission layer, and the practical ap-
plication layer. The sensing control layer can be further 
divided into an intelligent controller, a teaching base con-
troller, and other types of sensors. The intelligent control-
ler is the main channel for the transmission of the main 
control equipment and auxiliary equipment information of 
the whole teaching base; and the teaching base controller 
and intelligent sensor are the main basis for the self-con-
trol of the education and teaching base.

The smart teaching base transmission layer on the basis of 
the Internet of Things technology mainly uses the wireless 
LAN as a channel to interact with the application layer 
servers for effective data information.[3]

The smart teaching base application layer on the basis 
of the Internet of Things technology mainly realizes re-
al-time sharing of data information of each teaching base 
controller by using the wireless LAN technology in each 
teaching base by setting the smart teaching base server.

4.3 Design Goals of Smart Teaching Base on the 
Basis of Internet of Things Technology

The smart teaching base is designed to transform the ed-
ucation and teaching base into a comprehensive self-con-
trol system on the basis of the use of Internet of Things 
technology and intelligent equipment under the premise 
of multimedia classrooms and professional training class-
rooms. Firstly, in the design process of the conventional 
hardware setting, it should be ensured that the smart 
teaching base has an electronic whiteboard, a short-focus 
projector, a physical exhibition stand, a wireless micro-
phone, a smart processor, a high-definition digital tele-
vision, an audio device, an electronic school bag and the 
like.

Secondly, in the process of setting up the internal en-
vironment of the teaching base, the internal temperature 
of the teaching base should be controlled by the Internet 
of Things sensing technology to be around 22.0-25.0 °C; 
while in the teaching base, the lighting and power lighting 
design module can use the FRID technology to set the in-
telligent adjustment of light intensity. .

Finally, in the teaching internal teaching resource trans-
mission module, the smart teaching base on the basis of 
the Internet of Things technology should have the FRID 
embedding device inside, so that the PC teaching infor-
mation of the course teaching staff can be automatically 
transmitted and displayed.

4.4 Design of Smart Teaching Base on the Basis of 
Internet of Things Technology

Firstly, the human body position detection mode is set. 
The human body position detection is the main compo-
nent module of the smart teaching base intelligent sens-
ing device. It can timely adjust the lighting, electric fan 
and other devices through the analysis of the distribution 
information of the personnel inside the teaching base. 
Considering the construction cost and control efficiency 
of smart teaching base, in the process of setting the human 
body position detection mode of the smart teaching base 
on the basis of the Internet of Things technology, the sin-
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gle bus mode can be adopted to divide the overall human 
body position detection mode into a detection module and 
a main control module, and the two are in the form of a 
single bus serial networking. The main control module 
mainly includes a single bus interface unit, an infrared 
detection unit, a ZigBee wireless transmission unit, a 
main control unit MCU and the like; the detection module 
mainly comprises two modules: an infrared detection unit 
and a single bus interface unit.

In the actual operation process, the main control unit 
MCU can collect the infrared detection unit operation data 
through the single bus interface unit. And through the Zig-
Bee wireless transmission unit and the internal functional 
equipment of the teaching base for information exchange. 
During the operation of the main control unit, the infrared 
detection unit could timely sense the number of people 
gathered in each area of the smart teaching area; and the 
single bus interface unit can build an efficient information 
interaction channel between the main control module and 
the detection module.

Secondly, in the lighting control module, Chinese 
scholars have done a lot of research and development. For 
example, the design of Lang Zhou, et al. has realized a 
device on the basis of the Internet of Things technology 
to accurately identify the movement and static characters 
in the teaching base to control the on/off of the lights, and 
effectively realize the intelligent control of the internal 
lighting of the teaching base.[4] According to the chang-
es in the internal use of the teaching base, the internal 
lighting control methods of the teaching base have also 
changed. Therefore, in the process of setting up the light-
ing control module of the teaching base, the multi-level 
stereo teaching base lighting control model can be con-
structed by combining the human body detection sensor 
distribution mode to realize the intelligent remote control 
of the internal lighting of the teaching base. The teaching 
base will be divided into several modes: examination, 
self-study, idle, and class. Using the policy control mech-
anism, the overall control strategy is set to: control strat-
egy = ({teaching base, time period, use, control method, 
week})

The teaching base control method is mainly: control 
mode = (automatic control / semi-automatic control / full 
open / full closure)

In the “automatic control” mode, the internal lighting 
device of the teaching base will automatically adjust ac-
cording to the illumination level of the teaching base and 
the location of the crowd; In the “semi-automatic control” 
mode, the teaching base lighting device can open the man-
ual intervention channel in the terminal control module 
button unit on the basis of the terminal control, so that the 

distribution base of the teaching base can be reasonably 
adjusted according to its own needs; In the “full open” 
mode and the “full closure” mode, the internal lighting 
devices of the teaching base are located in the manual 
control module, and the terminal automatic control mod-
ule cannot intervene. That is, the user can manually define 
the lighting control according to changes in the internal 
use of the teaching base. For example, for a long-term idle 
teaching base, it can be set to a “full closure” state.

5. Realization of Smart Teaching Base on the 
Basis of Internet of Things Technology

5.1 Composition of Smart Teaching Base on the 
Basis of Internet of Things Technology

Smart teaching base on the basis of Internet of Things 
technology mainly includes lighting distribution and re-
mote alarm indication, control panel and sensor display, 
module display and other aspects. The lighting distri-
bution and remote warning indications of the teaching 
base mainly include different types of indicator lights, 
such as light warning instructions; The control panel and 
sensor display mainly include several modules such as 
photosensitive sensor, nine-key panel, wind control panel, 
infrared sensor, multi-function touch screen, temperature 
and humidity sensor; The module display mainly includes 
several modules such as AC touch device, relay and PLC 
control device. The above modules can be connected to 
different types and color wires to realize the full circuit 
control of smart teaching base.[5]

5.2 Function Setting of Smart Teaching Base on 
the Basis of Internet of Things Technology

The smart teaching base function module on the basis of 
Internet of Things technology mainly includes networking 
functions, security anti-theft and remote warning of teach-
ing base, automatic distribution and control of teaching 
base lighting, environmental monitoring and self-adjust-
ment of teaching base. The networking function module 
mainly uses the network communication port in the ter-
minal PLC controller to perform reasonable setting of the 
controller and the computer server in the same network 
segment of the same router. Combined with the mobile 
smart terminal touch screen application, effective network 
transmission is realized. During the operation of smart 
teaching base, the teaching staff can use the mobile intel-
ligent terminal or computer server to control all network 
interfaces to ensure the smooth progress of classroom 
teaching.

The security base and remote warning of the teaching 
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base are mainly through the reasonable setting of the door 
closing and arming function. If there is no light in the 
teaching base area or the door and window are opened 
without any reason, the remote control can be closed by 
computer software. If there is an illegal intrusion in a time 
other than classroom teaching, the computer terminal 
server and the intelligent terminal will also have an alarm 
message, so that the staff at the teaching base can be in-
formed in time.

In the operation process of the education and teaching 
base on the basis of the Internet of Things technology, the 
terminal control module can perform independent power 
control on all lighting devices in the teaching base accord-
ing to a preset program. And automatically open and close 
according to the standard of work and rest. At the same 
time, according to the internal illumination of the teaching 
base, the curriculum, the work schedule and the number 
of people, the system terminal control module can also 
monitor the running status of each lighting device in real 
time, and transmit the relevant information to the intelli-
gent control terminal via the internal network of the teach-
ing base, so as to ensure sufficient lighting supply and 
lighting energy management effects. In the teaching base 
lighting self-distribution and control module, according to 
the scope of education and teaching base and the number 
of people, different control modules can be used. For an 
education and teaching base with a large scope and a large 
number of people, the number of people can be controlled 
by sub-regional control. For an education and teaching 
base with a small distribution area and a small number of 
people, a static human body induction centralized con-
trol method can be adopted. Through the application of 
different control methods, during the normal operation 
of the teaching base, the system terminal control module 
can effectively determine the lighting information of each 
module and reasonably adjust the internal light intensity 
and strong illumination area of the teaching base.

The environmental monitoring and self-regulation 
of the teaching base mainly consists of setting different 
types of sensing elements inside the teaching base, such 
as temperature and humidity sensor elements, infrared 
sensing elements, carbon dioxide gas sensing elements, 
smoke sensing elements, and the like. By monitoring the 
internal illumination, carbon dioxide concentration and 
temperature and humidity of the teaching base in real 
time, the bad air condition inside the teaching base can be 
sensed in time, and the prevention and control adjustment 
is automatically carried out.[6] If the internal light intensi-
ty is higher than the standard value in the teaching base, 
the terminal control module will automatically execute 
the electric curtain closing procedure; when the carbon 

dioxide concentration in the teaching base is higher than 
the standard design value, the terminal control module 
will automatically execute the ventilation opening proce-
dure to ensure that the teaching base teaching work goes 
smoothly.

6. Software and Hardware Settings of Smart 
Teaching Base on the Basis of Internet of 
Things Technology

Firstly, in the process of setting the structure of the human 
body position detecting unit, the overall teaching base 
can be divided into corresponding number of detecting 
sub-modules according to the existing application situa-
tion of the teaching base. A reasonable setting of the de-
tection module or the main control module is then carried 
out in the ceiling area above the corresponding detection 
sub-module. At the same time, the detection module and 
the main control module are connected in a single bus 
serial connection manner. Through the single-bus periodic 
polling, combined with the detection module networked 
operation, the application running information of the 
teaching base can be fed back in real time.

Secondly, in the process of setting the software pa-
rameters of the actual teaching base, it can be reasonably 
adjusted according to the changes of specific operational 
requirements. For example, in the “Reminder Service” 
setting process, on the basis of the curriculum informa-
tion, 30min or 60min can be set in advance to provide 
the course start time and teaching location for the course 
teaching staff or learners.[7]

7. Application Effect of Smart Teaching Base 
on the Basis of Internet of Things Technology

According to the previous design requirements, a teach-
ing base uses TI CC2531, stm32F108, CC2531 to design 
and implement all intelligent sensors, intelligent control 
devices and intelligent applications, and realizes effective 
control of various smart teaching base application mod-
ules, which provides a good basis for the improvement 
of the operational efficiency of the teaching base. Course 
faculty members can directly use the IC card to conduct 
remote operation of the equipment at the beginning of 
the prescribed course, effectively avoiding the frequent 
influence of the property manager on the efficiency of the 
multimedia course.[8] At the same time, using the campus 
card, the course learners can also automatically punch the 
card, providing a basis for the course management person-
nel to know the learning situation of the course learners 
in time; In the self-study course, the course learners can 
automatically query the existing number of self-study 
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teaching bases and self-study teaching bases with the help 
of the smart guidance service, and improve the resource 
utilization efficiency of the self-study teaching base; In the 
process of routine teaching management, through the ap-
plication of Internet of Things technology, environmental 
information can be detected on the basis of sensors. Com-
bined with the operation of air conditioners, fans, curtains 
and lighting devices, the established control scheme is set 
up, which effectively improves the utilization efficiency 
of equipment resources within the teaching base.

8. Conclusion

In summary, the classroom education teaching work is 
an important component of the education industry, and in 
the process of modern technology development, the past 
education and teaching base can no longer meet the needs 
of contemporary education and teaching. Therefore, in the 
process of comprehensive reform and optimization of the 
education and teaching industry, educational institutions 
should increase the application of new technologies such 
as Internet of Things technology, and organically integrate 
intelligent teaching and intelligent control of teaching 
bases. Through the reasonable setting of environmental 
monitoring self-regulation, lighting self-distribution con-
trol, remote warning and other functional modules, thus 
providing guarantee for the smooth development of class-
room education and teaching work.
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1. Introduction

There are many places where the sea is lacking 
freshwater, making the seawater desalination be-
come popular. At present, various seawater desali-

nation methods consume a lot of energy, resulting in high 
crude water costs. Some units have experimented with the 
use of wind power from the sea and the power generated 
by solar energy to drive seawater desalination, so that the 
sea can send freshwater to shore. It seems feasible, but the 
current investment in wind and solar power is too large, 
and the cost of converted freshwater is too high, which is 
difficult to promote.

At present, the most widely used method for seawater 
desalination is the reverse osmosis membrane method.[1] 

The factors that hinder its widespread promotion are also 
too much energy consumption and high freshwater cost.

2. The Implementation Scheme of Sea Wave 
Energy Storage and Seawater Desalination 
Device

We invented the “sea wave energy storage and seawa-
ter desalination device”, which is located in the shallow 
beach, does not consume additional energy, and can oper-
ate by collecting the waves, so that the sea can send fresh 
water to shore. At the same time, the total investment is 
very low, the cost of converting fresh water is very low, 
and it has a good promotion prospect. This invention has 
been applied for China’s utility model technology inven-
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tion patent. Methods as below:
(1) A four-column floating bed is designed: a rectan-

gular bed is made of corrosion-resistant angle steel, and a 
foam block is bound under the bed body, so that the bed 
body and the equipment thereon float on the water surface; 
On the beach, four columns are arranged. The outside of 
the column is covered with a cylinder about 40 cm long. 
The cylinder is spaced about 0.5 cm from the cylinder. 
The cylinder is linked with the four corners of the floating 
bed. In this way, the floating bed floats with the tide level, 
but it is not shaken by the impact of the waves. All equip-
ment is installed on a floating bed.

(2) A floating grille is mounted on the side of the float-
ing bed, and the duck head floating body is installed in the 
grille. The movement of the waves promotes the move-
ment of the duck-headed floating body, and the plunger 
pump is moved by the lever to pressurize the seawater or 
fresh water. This is the driving force for the operation of 
the device. After testing, the wind force is about three lev-
els, and each plunger pump has an output of about o ton 
of water per hour. The seawater is filtered by the second-
ary filter before being pressurized by the medium-pressure 
pump and the drug is detoxified and descaled, and then 
pressurized by the high-pressure pump. After being pres-
surized, the seawater is sent to the stabilized water storage 
tank through the check gate.

(3) After the water storage tank, the seawater is sent to 
the reverse osmosis membrane filter cartridge through the 
control valve. The membrane used in the reverse osmosis 
unit is a composite membrane suitable for seawater.[2] The 
SWHR-380 seawater membrane produced by American 
Dow Company has a desalination rate of 99.6% for a sin-
gle filter cartridge. The desalinated water from the filter 
cartridge enters the manifold. After the filter cartridge is 
concentrated, the seawater is discharged through the con-
trol valve. The fresh water of the manifold is then pumped 
to the land via a plunger pump. In this way, only the sea-
water energy is used to desalinate the seawater and send it 
to the land, and the equipment cost is low, and the cost of 
fresh water can also be low.

The schematic diagram of sea wave energy storage and 
seawater desalination device is as follows (Figure 1).

Notes: 1. Floating bed; 2. Grille; 3. Filter; 4. Plunger pump; 4.1 Fresh-
water booster pump; 4.2 Transmission rod; 4.3 Duck head float; 5. Reg-
ulated water tank; 6. Reverse osmosis cartridge; 7. Check valve; 8. Fresh 
water outlet pipe

Figure 1. The schematic diagram of sea wave energy 
storage and seawater desalination device

3. The Design of Device’s Measurement and 
Control System

Compared with conventional terrestrial desalination devic-
es, the difference is that the power is derived from wave 
energy rather than electricity; the whole set is installed in 
sea water instead of on land. It is impossible for someone 
to control it on site. There must be a practical, simple and 
reliable remote measurement control system.[3] Due to the 
filtration, dosing, pressurization, desalination and other 
processes of seawater, it is similar to the conventional 
reverse osmosis seawater desalination process, and there 
is no operation of equipment such as motors. The moni-
toring and control is relatively simple. The output of the 
whole device, that is, the output of the finished fresh water 
is determined by the size of the wave energy at that time, 
that is, “depending on the weather”. We have a monitoring 
room on the land, and there are process simulations of all 
the equipment on the panel, showing the operating status 
of all the equipment. Just set up remote control switches 
for several key devices.

(1) Measurement and control of pretreatment system: 
We adopted the automated measurement and control sys-
tem based on PLC and human machine interface (HMI) 
designed by Tianjin Seawater Desalination Research In-
stitute. Measurement and control of the inlet screen: Due 
to the convenience of direct access to the beach, the fence 
area is large. A three-stage filter screen is provided. The 
first-stage filter fence has a volume of 100 cubic meters, 
and intercepts objects of more than 3 centimeters. The 
second-stage filter fence has a volume of 10 cubic meters, 
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intercepts objects of more than 1 mm, and adds flocculat-
ing agents and descaling agents. The third-stage filter is 
a 5 micron security filter, which is equipped with a cone 
filter rod made of polypropylene spray, deep filtration, and 
large amount of dirt, long life and easy replacement. The 
third stage is provided with two sets of filter screens. The 
PLC collects the pressure on the two sides of the filter 
screen, switches the filter screen according to the pressure 
difference on both sides, and automatically backwashes.

(2) Since the operation of the plunger pump is unstable 
and the outlet pressure is unstable, the plunger pump out-
let is added with a check valve. The opening and closing 
monitoring point of the back door can display the running 
condition of the plunger pump.

(3) The pressure inside the regulated water storage tank 
is adjusted by the number of top weights. A position mon-
itoring point is installed every 5 cm in the water level in 
the tank.

(4) There are 5 reverse osmosis membrane cartridges, 
and each filter cartridge inlet valve is electrically con-
trolled. When the water level in the water storage tank is 
the highest, the entire filter cartridges are opened, and a 
filter cartridge is stopped for every 5 cm of the water level. 
The PIC monitors the transmembrane pressure difference 
in real time. When the transmembrane pressure difference 
increases by 10%, it exits the work for cleaning. In order 
to extend the working cycle of the filter cartridge and 
reduce the number of cleanings, according to the charac-
teristics of the device, the concentration ratio of seawater 
is reduced. After the filter cartridge is concentrated, the 
seawater is discharged through the electric control valve. 
The desalinated water from the filter cartridge enters the 
manifold.

(5) The fresh water in the manifold is then sent to the 
land by a plunger pump.

(6) Solar power panels and small wind turbines and 
accumulators are installed on the four columns to provide 

power for the measurement and control device.
(7) There are two safety measures for avoiding wind 

and waves: first, the predictable wind and waves, untie 
the link between the floating bed and the cylinder on the 
column, and drag the floating bed to the safe area; second, 
suddenly encounter the wind is greater than five levels, 
start the safety protection device, temporarily loosen some 
of the foam blocks bound to the floating bed, so that the 
floating bed sinks to avoid danger.

(8) The monitoring point signals of the device are 
transmitted to the monitoring room via the optical cable.

4. Conclusion

The four-column floating bed described in this paper pro-
vides an ideal platform for the collection and utilization of 
wave energy. Based on this, sea wave energy storage and 
seawater desalination device was designed, which realizes 
the human ideal that the ocean itself sends fresh water to 
the land and the cost is low, which is worth promoting. 
This paper focuses on the automatic measurement and 
control part of the device.
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1. Introduction

At present, computer technology is developing 
rapidly. Some complicated surface parts can be 
easily realized by software. The numerical con-

trol machine cannot easily realize complicated curve or 
track processing, most machines use a small straight line 
segment to force the contour. The smaller the length of 
the line segment, the closer the feeding path of the tool 
is to the contour of the part, but it also generates a lot of 
data. Under normal conditions, the machining accuracy 
of the machine tool is doubled, and the amount of data 
generated is several times the accuracy. Conversely, in 
order to reduce the amount of data, of course, it will fa-
cilitate transfer and storage, which will result in reduced 

processing contour accuracy.[2,3] In response to the above 
problems, some numerical control systems want to obtain 
a stable feed rate and perform pre-processing. However, 
on the common economical numerical control machine, 
the point-by-point comparison algorithm is used to ap-
proximate the line, which may result in a pulse error. An 
improved scheme for the point-by-point comparison algo-
rithm can reduce the error to within 0.5 pulses,[4] so it is 
also called the half-step deviation method.

2. The Basic Principle of Half-step Deviation 
Method

The half-step deviation method is optimized for the 
feed-by-point comparison method. The point-by-point 
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comparison method divides the plane coordinate system 
into 4 quadrants and moves to the X-axis or Y-axis in the 
quadrant.[5] As shown in Figure 1 below, the current inter-
polation point is point P. According to the point-by-point 
comparison method, the next step is to feed the Y-axis 
to the point E. The minimum value of this point and the 
line is L3. If the X-axis and the Y-axis are fed one step at 
a time, the point C is reached, and the minimum value 
of the point C and the straight line is L2, L2 < L3; if the 
current X-axis and Y-axis are set to feed simultaneously 
(also called diagonal feed), a smaller deviation will be ob-
tained,[6,7] the distance between BC in the figure is 1 pulse, 
BD + CD = 1, in addition, BD > L1, CD > L2; if BD ≥ 0.5, 
it is known that CD ≤ 0.5, because CD > L2, it is known 
that L2 < 0.5; if the next interpolation is performed from 
the current interpolation point P to reach point C, the error 
is controlled within the range of 0.5 pulses.

Figure 1. Feeding comparison of interpolation points

3. The Definition of the Deviation Value in 
Half-step Deviation Method

According to the above inferences, the plane is divided 
into 8 regions without considering the direction, and used 
to compare the coordinates of the interpolation end point 
coordinates, as shown in Figure 2 below.

Figure 2. Division of linear interpolation regions by half-
step deviation method

The regulations are as shown in Table 1 below:

Table 1

Serial Num-
ber Conditions The Direction of Feed

1 e eX Y≥
Feed towards the one with smaller deviation 

between the diagonal direction and the X 
direction.

2 e eX Y<
Feed towards the one with smaller deviation 

between the diagonal direction and the Y 
direction.

The half-step deviation method calculates the one with 
the smaller deviation between X/Y and the diagonal direc-
tion before feeding. As the feed direction, for example, 
there is a point P (Xi,Yi), and the deviation is calculated as 
follows:

ii e i i eF X Y X Y= −  (1)

( ),e eX Y is the value of the endpoint coordinate.
Starting at point P, if take a step towards X, the new 

deviation is:

( )1, 1i i e i i eF X Y X Y+ = − +  (2)

If take a step towards Y, the new deviation is:

( ), 1 1i i e i i eF X Y X Y+ = + −  (3)

If take a step towards X/Y, the new deviation is:

1, 1 ( 1) ( 1)i i e i i eF X Y X Y+ + = + − +  (4)

For the sake of explanation, here is an example of 
straight line analysis.

Figure 3 is a schematic diagram of the half-step de-
viation feed. If there is a straight line starting from the 
starting point, the end point is (Xe,Ye), and the straight line 
equation y=kx(0 < k <1) is in the Region 1. Since Xe > Ye, 
the feed mode is (△ x) or (△ x, △ y).

Figure 3. Schematic diagram of the half-step deviation 
method

The current point is P (Xi,Yi), then there are two pos-
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sibilities for the next move. One is to go one step to the 
X-axis, to reach B (Xi+1,Yi), and the other is to take the 
X-axis and Y-axis one step at the same time and reach C 
(Xi+1,Yi+1). According to the first scheme, the distance be-
tween the position of the arrival point after interpolation 
and the straight line is L1. If the interpolation is performed 
according to the second scheme, the distance between the 
position of the point reached after the difference compen-
sation and the straight line is L2.

As can be seen from Figure 3 above, △ BED is similar 
to △ CFD.

BE/CF=BD/CD

If BD > Y, it can be obtained that L1 > L2, and vice ver-
sa. The point at which is located after the interpolation is 
related to the linear distance and the deviation function. 
Figure 3 is simplified below to obtain Figure 4.

Figure 4. The deviation of the machining points

According to the value of Fii, the distance between 
point B (Xi,Yi) and the straight line is obtained, as shown 
in Figure 4:
△ OFC ∽ △ BDE, BE/OC=BD/OF, and then, it is 

known that BE =BD/OF×OC. Let △ L be the shortest 
distance from point B to the line, the deviation of B (Xi,Yi) 
is:

Fb=XeYi - XiYe

    =Xe [(Yi + BD) - BD]- XiYe

    =XeYD - XNYE - XeBD
    =-XeBD
    =-OC×BD
∴△ L= |FB/OF| = |FB|/OF (5)
Where FB=Fii

The deviation value of the △ L machining point B 
from the target straight line is referred to as the deviation.

It can be concluded that, Interpolated from the cur-

rent point to the next target point (see B, C in Figure 3), 
The distance between the two target points (B, C) to the 
straight line (BE, CF) and the BC are linearly divided into 
two parts (BD, CD) in a proportional relationship (CF/BE 
= CD/BD). (That is to say, in addition to directly compar-
ing the size of |BE| and |CF|, the size of |BD| and |CD| can 
also be compared.)

From the definition of the half-step deviation method, 
if the interpolation algorithm of the half-step deviation 
method needs to compare the size of the distance line af-
ter the two feeds in the first region, the selection distance 
is small as the direction. In combination with the above 
analysis, the following equations (3) and (4) are com-
pared, and the deviation function |Fii - Ye| after one pulse is 
emitted in the X-axis direction is compared with the devi-
ation function |Fii +Xe - Ye| after one pulse is simultaneous-
ly emitted to the X-axis and Y-axis.

Set: f = |Fii +Xe - Ye| - |Fii - Ye|
If f > 0, the pulse is simultaneously sent to the X-axis 

and Y-axis;
If f ≤ 0, the pulse is sent to the X-axis direction.

3.1 Mathematical Analysis of Half-step Deviation 
Method

3.1.1 The Circular Feed Rules of Half-step Devia-
tion Method

The interpolation of the arc is more complicated, not 
only the quadrant problem of the starting point and the 
end point of the arc, but also the difference between the 
clockwise arc and the counterclockwise arc. The half-step 
deviation method circular interpolation is also evolved on 
the basis of point-by-point comparison method. As shown 
in Figure 5, the current interpolation point is P. According 
to the theory of point-by-point comparison method, it can 
be known:

2 2 2
i iR X Y= +

If the point P falls on the arc, the following formula 
holds:

2 2 2
i iX Y R+ =

If the point P falls outside the arc, the following formu-
la holds:

2 2 2
i iX Y R+ >

If the point P falls inside the arc, the following formula 
holds:

2 2 2
i iX Y R+ <
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In the point-by-point comparison method, let 
 be the deviation discriminant Fii. 

When Fii ≥ 0, the machining point falls on the arc or 
outside the arc, and one pulse equivalent is fed to -X at 
this time;

When Fii < 0, the machining point falls within the arc 
and a pulse equivalent is fed to +Y. Based on the point-
by-point comparison method, the following inferences are 
made:

Let point P be in the first quadrant and the central angle 
is less than 45°, point P is outside the arc. The next step 
is to feed the -X direction and reach point C. If let it move 
(-X, Y) two axes at the same time, reach point B. Let point 
P coordinate be interpolation coordinate P (Xi,Yi), point 
B coordinate be B (Xi-1,Yi+1), point C coordinate be C (Xi-

1,Yi), CD + BD =1, B, and the distance between B and C 
is 1 pulse equivalent. As can be seen from the figure, the 
distance from point C to arc is L1, and the distance from 
point B to arc is L2. The half-step deviation circular inter-
polation is similar to the half-step deviation linear inter-
polation. It is necessary to compare the sizes of L1 and L2 
and select the direction with small deviation.

Figure 5. The counterclockwise arc in the first quadrant

According to the point-by-point comparison method 
region division rule, the half-step deviation circular in-
terpolation divides the plane rectangular coordinate into 
8 regions, and the feeding of each region is as shown in 
Figure 6. In the figure, the big circle is a counterclockwise 
circular interpolation of the feed route of each region, and 
the small circle is a clockwise circular interpolation route.

Figure 6. The coordinate feed directions of clockwise and 
counterclockwise arcs in plane coordinate system

In order to ensure the error of  half-step deviation 
method, the direction of feed is determined according to 
the following principles:

(1) When X ≥ Y, one pulse is taken in the positive di-
rection of Y, or one step is taken in the positive direction 
of -X and +Y.

(2) When X < Y, one pulse is taken in the positive di-
rection of X, or one step is taken in the negative direction 
of -X and +Y.

3.2 The Feed Discriminant of Half-Step Deviation 
Method

3.2.1 Point-By-Point Comparison Method Inter-
polation Feed Discriminant and Calculation For-
mula

In the whole point-by-point comparison method, the ad-
dition and subtraction operations and multiplication oper-
ations are needed, which directly affects the entire opera-
tion speed, if the whole hardware device is added for the 
dedicated control machine, most of them use its simplified 
algorithm, called iterative method, and some are called 
recursive method.

(1) If the first quadrant map is taken as an example, if 
the deviation value Fii ≥ 0, one pulse is sent to the positive 
direction of the X-axis, and the tool is fed one step for-
ward from the current point (Xi,Yi) to the X-axis to reach 
the new point (Xi+1,Yi), Xi+1= Xi+1, Thus, the deviation 
function value of the new machining point is:

( )
1, 1

1
i i e i i e

e i i e

ii e

F X Y X Y

X Y X Y
F Y

+ += −

= − +

= −

 (6)

DOI: https://doi.org/10.26549/met.v3i1.1603



43

Modern Electronic Technology | Volume 03 | Issue 01 | April 2019

Distributed under creative commons license 4.0

If the deviation function Fii < 0, one feed pulse is sent 
to the positive direction of the Y-axis, and the tool feeds 
one step from the current machining point (Xi,Yi) to the Y 
direction to reach the point (Xi,Yi+1), where Yi+1= Yi+1, the 
deviation function value of the point is

( ), 1 1i i e i i eF X Y X Y+ = + −

 
ii eF X= +  (7)

3.2.2 Half-step Deviation Method Interpolation 
Feed Discriminant and Calculation Formula

According to the principle of point-by-point comparison 
method, in order to reduce the influence of the algorithm 
on the operation speed, the half-step deviation arc differ-
ence complement algorithm also refers to the recursion 
method. According to the formula, it can be known that:

(1) When machining from the starting point of the arc, 
F0 = 0, so use the formula:

0 02 2
2

e e

e e

f F X Y
X Y
= + −

= −
 (8)

Substituting the value of the actual interpolation arc 
target, the specific f0 value is used to determine the feed 
direction, and its new deviation calculation is determined 
by the following methods.

(2) If fii ≥ 0, the feed X direction is required, and the 
comparison deviation value of the next point is:

( )
1, 1,2 2

2 2
2 2

2
ii

i i i i e e

ii e e e

e e

ii e

f F X Y

F Y X Y
F X Y

f Y

+ += + −

= − + −

= + −

= −

 (9)

If fii < 0, △ x and △ y are fed, then the next deviation 
is:

( )
1, 1 1, 12 2

2 2
2 2

i i i i e e

ii e e e e

ii e e

f F X Y

F X Y X Y
f X Y

+ + + += + −

= + − + −

= + −

 (10)

According to the above derivation process, a similar 
formula can be derived when Xe < Ye or the end point coor-
dinates are in other regions. This directly uses the deviation 
of the previous step to calculate, which simplifies the calcu-
lation formula and improves the calculation efficiency.

4. The Advantages of Half-step Deviation 
Method

4.1 Circular Interpolation Based on Half-step De-
viation Method

A circle with a radius of 10 is processed separately below, 
and the interpolation results are shown in Figures 7 and 8 
below.

Figure 7. Circular Interpolation Based on Point-by-Point 
Comparison Method

Figure 8.Circular Interpolation Based on Half-step Devia-
tion Method

The interpolation principle of the point-by-point com-
parison method arc in Figure 7 is as follows: in the first 
quadrant, starting from the starting point of the arc, coun-
terclockwise interpolation, when the discriminant is less 
than or equal to 0, go +Y, if it is bigger than 0, go to -X, 
and the other three quadrants and so on. and the entire in-
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terpolation route of  Fig. 7 can be obtained.
The principle of circular interpolation of the half-step 

deviation method in Figure 8 is as follows: in the first 
quadrant, the starting point of the arc starts and counter-
clockwise interpolation. Before each interpolation, it is 
necessary to calculate which of the next two target points 
is closer to the arc (the distance from the arc is the small-
est). After that, the corresponding pulse is sent, and then 
according to the region where the current point is located, 
the corresponding interpolation point is selected [in the 
first region is (-X, (-X, -Y)], for comparison, by analogy, 
the second region is selected [-Y, (+X, -Y)], and the entire 
interpolation route of Fig. 8 can be obtained according to 
the inverse circular interpolation shown in Figure 6.

The derivation process has been elaborated above, and 
the following conclusions can be seen as follows:

(1) After the interpolation by the half-step deviation 
method, the small circle R9.85 and the large circle R10.44, 
that is, the deviation contour at the time of interpolation, 
and the small circle by point-by-point comparison are 
R9.06 and the large circle R10.77. It is obvious that the 
accuracy of the half-step deviation method interpolation is 
high, and the error is within 0.5. According to the discrim-
inating method given above, the interpolation path of the 
full circle can be derived.

(2) In the point-by-point interpolation comparison 
method in Figure 8, the whole circle with a processing ra-
dius of 10 needs to be calculated 80 times; while the half-
step deviation method only needs to calculate 64 times to 
complete a full circle interpolation, which increases the 
efficiency by 20%.[8]

5. Conclusion

The point-by-point comparison method and the half-step 
deviation method are compared with the basic principle, 
the feed calculation rule, the feed discriminant, etc. The 
optimized half-step deviation method does not exceed 0.5 
pulse equivalents in the interpolation arc error, which is 
reduced by half compared with the point-by-point com-
parison method. The half-step deviation method is less 

than the point-by-point comparison method, and the occu-
pied storage space is small, and the multi-axis linkage and 
the number of interpolation steps can be reduced.
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