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Abstract

Aiming at the problems of the confusion of user meter data in the distribution network and the difficulty in identifying
the relationship, a creative method of identifying the topological structure of the station based on the conservation of
current and energy is proposed. Through the calculation of the current data relationship, a mathematical
relationship model based on energy conservation is established for the topological scene of the station. After
constructing the mathematical model, through a series of transformation methods, the model is transformed into a
convex optimization problem. By solving the model, the topological relationship of the station is finally obtained.
Through the experimental verification and analysis of real data, the model algorithm proposed in this paper has
higher accuracy and higher efficiency than manual screening, and has deeper research value.
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I. Introduction

In power system, a station refers to the power supply range of a transformer. The topological structure of the station
refers to the number of machines belonging to each transformer and its control range, which is an important condition
for the power supply department to analyze the line loss and fault range. Low-voltage substation is the final link of
distribution network power supply, with many types of loads and weak wiring rules. With the accelerated expansion
and development of power system, the residential power load is accelerating. There are numerous low-voltage
distribution networks deployed in residential areas and office areas in various cities, with increasingly complex
structure and frequent adjustment. As a result, problems such as the discrepancy between the electric energy meter
file and the reality, and the difficulty in defining the attribution of the user station are emerging [1]. At present, the
topological relationship between users, troubleshooting and maintenance mainly rely on manual operation, which
consumes lots manpower and material resources with low efficiency and is difficult to meet the requirements of
low-voltage power supply station. Therefore, how to build an intelligent method of station topology recognition and
improve work efficiency is one of the research hotspots in current power system.

In view of the existing problems in the current low-voltage station topology, scholars at home and abroad have
carried out a series of studies. Yang Zhichun [2] et al. put forward a topology identification method of low-voltage
distribution network based on data association analysis, which screens characteristic voltage series in each type of
station and calculates the correlation and non-correlation among distribution transformers, branch boxes, meter
boxes and intelligent watt-hour meters in each group by using Tanimoto similarity coefficient to realize the topology
identification of low-voltage distribution network. Li Ning [3] et al. proposed an on-line generation method of power
topology structure in low-voltage substation based on power measurement data. Liang Xuchang [4] et al. put forward
a topological combing analysis method of big data station based on the principle of conservation of electricity. Zhang
Pan et al. put forward a technology of subscriber transformer identification and phase identification based on
broadband carrier communication. Wang Rining et al [5] proposed a topology recognition method for distribution
network station based on intelligent terminal characteristic signals.

The existing method of station topology identification requires numerous complicated data collection processes.
Sometimes it is difficult to realize access to households, and it is necessary to add meters and other equipment and
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invest more manpower and funds to support it.

In this paper, a new model of station topology recognition is proposed. A simple physical model is constructed by the
law of conservation of current, and the station recognition is transformed into a convex optimization problem, which
can significantly reduce the labor and equipment costs and improve the recognition accuracy.

Il. Low-voltage Distribution Network

The power system can be divided into three major components: power generation, transmission and distribution. The
electric energy of the power generation system is transmitted through the transmission system and distributed to each
user through the distribution system. As the last link of the power system, the distribution system directly faces the
end users, so its improvement is directly related to the reliability and quality of power consumption of the vast
number of users. It plays an important role in the power system [6]. The low-voltage station refers to the area below
the 10KV/400V transformer. After the 10KV voltage is reduced to 400V by the transformer, the electric energy is
distributed to different users through branch feeders.

Figure 1 is the schematic diagram of power supply in the lower substation. As shown in the figure, there are switch 1,
switch 2 switch N under the transformer, and there are different number of meter users under different switches.
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Fig 1 Schematic diagram of power supply in low voltage station

I11. Research on Topological Structure Model of Two Stations

In this paper, the principle that the current remains unchanged under the premise of constant voltage and resistance in
physics, and the basic principle that the sum of branch currents equals the trunk current are used in the modeling of
the station. Then, using the mathematical linear theory analysis and referring to the model solving method of the
perceptron in machine learning, the model structure with the least loss is finally obtained, which reflects the
positioning of the meter in the station.

3.1 Research on mathematical basis of modeling

3.1.1 Kirchhoff's current law
Kirchhoff's current law, that is, node current law, means that at any time, the sum of currents flowing into a node is
equal to the sum of currents flowing out of the node. Namely:

Yk=11k =0 @
Wherein, Iy refers to the kth current entering or leaving this node and the current flowing through the kth branch
connected with this node, which can be a real number or a complex number.

Therefore, in the station, if the above relation is satisfied in a line, it means that these electrical appliances belong to
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a trunk road and belong to the same user. Then, the topological relationship corresponding to this data set is the
correct user-transformer relationship in this station.

3.1.2 Perceptron model

The perceptron model is a linear model for binary classification. Its input is the feature vector of an instance, and its
output is the category of the instance. The perceptron divides the instance into positive and negative separation
hyperplanes corresponding to the feature space, which belongs to the discriminant model.

It is assumed that there are n samples, and each sample corresponds to the m-dimensional feature and a binary
category output. As follows:
0 0 0 0 1 1 1 1
(xi ),xg ),xg ), ...,xr(n),yl), (xi ),xg ),xg ), ...,Xr(n),yl),
(xi"),xgn), xgn), ,XI(:), Vi) 2

The goal is to find a hyperplane so that:
90+91X1 +"-+9m (3)

If the data is linearly separable, such hyperplane is generally not unique, which means that the perceptron model can
have multiple solutions.

To simplify the writing of this hyperplane, a feature x0=1 is added to obtain the hyperplane as follows:
YR=1 0ixi =0 4

3.1.3 Equality constraint optimization

The main method to solve the equality constraint is to determine the gradient of Newton's method by KKT condition,
so that the gradient satisfying the equality constraint can be obtained, and further iterative optimization can be carried
out by using the method.

Equality constraint optimization can be written as:

{ minmize f(x) (5)
subject to Ax = B
According to the equality constraint and after substituting the objective function into KKT condition, the derivative
of the above formula can be converted into matrix form to obtain the solution.

3.1.4 Loss function
Loss function mainly includes SSE, MSE, PMSE, etc. In statistics, SSE parameters are used to calculate the sum of
squares of errors between fitting data and original corresponding points. The calculation formula is:

SSE = Xi = 1™w;(y; — y{)*(6)
y; isreal dataand y{is fitting data, w; > 0. The closer the SSE value is to 0, the better the fitting result of the model
is.

MSE is the mean value of the sum of squares of errors at corresponding points of predicted data and original data.
Assuming that n is the number of samples, MSE can be expressed as follows:
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SSE _1q. _ 1
MSE === = 2= 11w =y ()

3.2 Modeling

The left half of Figure 1 is cut out to get Figure 2 below. Y represents the current on the trunk line, and xq,
Xy, X3...X,represents the current of electrical appliances 1, 2, 3 ... n, respectively, which shows the following

relationship:
ilectricit Electricit Flectriait Electricit
meter meter meter : meter
& 3 n

Figure 2 Topology diagram of single switch with multi-meters

y=x1+x2+x3+---+xn (8)

Since it is uncertain whether the electrical appliances on each branch are in use or in a power consumption state, the
parameter a(a = 0/1) can be added to the above formula. Then, the above formula is transformed as follows.

y= a1xq +32X2 +"'+aan 9
{ a=0/1 ©)

It can be written as follows:

Y= a1X; +azxp + -+ apX,
e o)
y = a1X1 + 32X2 + -+ aan
3.3 Definition of model loss
For mula 10 can be written as follows. It can be seen that Formula 11 can be regarded as a perceptron model.
yzizn (@ %, +a,’X,)
2 k=1 \Tk 7k k Mk (11)

Assuming that y,is the measured trunk current value and yy .4 is the predicted trunk current value. The difference
between the expected measured current value and the expected current value should be as small as possible. The
mean square error (MSE) is used here to solve the error, which can be expressed by loss as follows:

1 n 1 n 2
loss :Ezkﬂ(yk =Y _pred)2 :Ezkﬂ(yk —a,% —a,X,) (12)

Then, the problem for solving is transformed into the problem of finding the minimum value of loss. The formula is
used to solve the partial derivative for ay:
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;k: - 2(y - ypred)zkzl(xk + 2a'kxk) (13)

Loss
3.4 Analysis of influencing factors

The regular behavior of users in the station leads to the similarity of their behavior habits in electricity consumption,
indirectly leads to the similarity of electricity consumption data of different users, and brings uncertainty in
calculation as well as difficulties to the identification of the topological structure in the station [7][8]. The factors
affecting station identification mainly include the following aspects:

(1) When the electrical equipment of users in the station breaks down, or the electricity meter is replaced, or there is
electric leakage of electricity meter, there will be user missing in the station, which will cause the loss of accuracy

[9].

(2) When a user steals electricity maliciously, the measured current data will be inaccurate, which leads to the
decrease of accuracy of station identification [10].

(3) When the communication state of the electric meter on the electric equipment of the users in the station is
unstable, there will be data missing in the process of data statistics, which will affect the accuracy.

IV Experiment and Analysis
4.1 Model solving

In 2.3, we define the loss of the model. Assuming that the vector matrix composed of parameterayis W, and the
update expression of W is:

Wit = Wi + 2(Y = Yprea ) 21 (Xic + 2a,x,)(14)
4.2 Experimental data

The data in this experiment are collected independently. The collection method is as follows:collecting the current at
the switch and the electricity meter respectively at the same time, with collection time of 15 minutes/time.

4.3 Analysis of experimental process

4.3.1 Solution of single switch circuit
As shown in Figure 3, there are three meter users under switch A, namely, meter 1, meter 2 and meter 3. If meter 3 is

disconnected from the trunk road due to failure, then
x1 X2 X3
lectricit ilectricity Electricit
meter meter meter
2 3
Figure 3: Topology structure diagram under single switch structure
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Table 1: Calculation result of coefficient under single switch

a; a; as ay
Switch | 9928955 | 1.0058413 | -9.616625 | Switch
A 41e-01 3e+00 02e-06 A

According to the experiment, when there is no missing meter data, the obtained parameters are all very close to 0 or
1. In case of missing meter data, the formula cannot be established, which leads to inaccurate experimental results (as
is shown in Table 1).

4.3.2 Solution of multi-switch circuit
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%3

electricit

electricit
y meter
2

electricit

y meter
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y meter
3

Figure 4 Topology structure diagram of multi-switch single meter

As shown in Figure 4, when there are multiple switches under the transformer and there are single meter users under
each switch, the experimental results are shown in Table 2 below.

Table 2: Calculation results of coefficients under multiple switches

a az as
Swit | 9.92895541e | 1.00584133e+ | -9.61662502
ch1l | -01 05 e-06

Swit | -3.78098627 | 8.37088346e- | 3.93420813e

ch2 | e-01 01 -01
Swit | -1.02904999 | 9.18581750e- | 9.92774539%
ch3 | e0 02 -01
switchB switch(] e switchN|

f

Electrid lectrid lectrid Electri Electri
meter meter meter c meter ¢ meter
i 2 3 5 98

Figure 5 Topology structure diagram under multiple switchesand multiple meters

As shown in Figure 5, when there are 33 switches under the transformer and there are 3 meter users under each
switch, there are 99 meter users in total. In this case, the experimental results are shown in Table 3 below.
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Table 3: Calculation results of coefficients under multiple switches and multiple meters

a a; dgg
Switch A | 9.11e-01 | 9.99e-01 8.11e-6
Switch B | -8.55e-0 | -1.64e-06 9.11e-7
6
Switch C | -9.99e-0 | -8.99e-05 9.16e-7
6
Switch N | -9.55e-0 | -9.78e-06 1.00e+00
6

4.4 Analysis of experimental results

Through the analysis of the experimental results, it can be concluded that: when there is no missing meter data, the
obtained parameters are all very close to 0 or 1. If the parameter values are not very close to 0 or 1, voltage
correlationcan be carried out for verification of meters. If the correlation is less than the threshold, it indicates
missing meter data.

V. Conclusion

The principle of current conservation is very simple. Based on this, this paper establishes relevant mathematical
models and solve them, so as to quickly and accurately obtain the topological structure of complex stations.

This technology is an innovative technology, and there is still room for improvement. In addition to low-voltage
station topology, it also has many other application fields, with strong generalization performance and universality.
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