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Department of Energy, . . . . .
Politecnico di Torino, Corso Duca The number of outages in a medium-voltage distribution system directly affects

degli Abruzzi, 24, 10129 Turin, the reliability and resilience of power grid. An accurate prediction of the outages
Italy . o is critical for the planning, operation and maintenance of electric power system.
:,’;I”!Ztleozta:;:(’ern';fgf":;:'z:ﬂze In this paper, the grey model GM(1,1) was introduced to investigate the pattern

hidden in the total number of outages in every month. Different from the
traditional grey model, the parameter in GM(1,1) was optimized with the Genetic
Algorithm (GA). To avoid the dramatic increase of errors due to multi-steps
prediction, a rolling mechanism is also adopted in the grey model to capture the
latest trend in the data. The proposed method was applied to predict the outage
number in an urban distribution network. The method was verified with the
accurate predictions.
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Introduction

Unlike the power transmission system, the distribution network usually faces the
challenges due to the large number of equipment, complex structure and various
customers, which raise the possibilities of power supply interruptions to a large
extent [1]. In the meanwhile, the complicated causes and unclear relations bring
difficulties to an accurate outage prediction. Since the consumers’ satisfaction is
deeply dependent on the number of interruptions, the Distribution System Opera-
tors (DSOs) have been seeking a reliable way to forecast the number of outages for
a better maintenance plan and operations [2].

In order to deal with this problem, there are some researches trying to analyze
the impact of external factors to the outage in power grid in statistical models.
In theory, with the information of all the potential causes collected, it becomes
possible to build a regression model to predict the number of outages under a
certain condition. For example, the adverse weather conditions are usually taken
as an important factor for the reliability assessment in power system [3]. However,
due to the fact that most of the utilities focus more on the fast repair of electrical
equipment rather than detailed investigation of failure causes, there are typically
limited information to investigate the real reasons behind an outage [4]. Moreover,
as the majority of feeders in an urban distribution network, the underground cables
are not as sensitive as overhead lines to the external factors, which weakens the
performance of traditional regression models.

The grey model, which is a classic theory for uncertain issues with limited sample
size and poor data information, is a promising solution for the outage prediction
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problems. As a frequently used prediction technique, GM(1,1) has been applied to
various engineering problems [5, 6], including the electrical load forecasting, wind
power prediction, and so on. In our study, an improved grey model was adopted
to forecast the number of outages due to the absence of causes and external in-
formation. Compared to the typical basic grey model, the GA optimization was
introduced to determine the proper parameter with an objective as the minimum
error between predictions and real values. Furthermore, a rolling mechanism was
applied to track the latest trend of data dynamically and improve the precision of
estimation.

Method
Basic grey model GM(1,1)
GM(1,1) is a classic prediction model based on the grey theory, which could uncover
the inherent regularity from discrete data series with limited samples. It decreases
the randomness of the trend by accumulating the original data series. Given the
nonnegative original data sequence x(0) as z(0 = [x(lo),xéo), ...,ch\?)], where N is
the length of data sequence. Then each element of the monotonic increasing data
sequence x(® could be obtained by accumulating the first k elements of the original
data: (1) = [mgl),x;n, ...,xg\l,)], xfj) = Zle xz(.o), k=1,..,N.
The k-th background value z; in the above equation is defined as the average value
of the k-th and (k-1)-th accumulated data as z, = ux,glzl +(1- u)xg), k=2,..,N.
Given the original data, the parameters a and u could be determined with the
least square method as follows:

T -1 T
—2Z2 1 —2Z9 1 —2Z9 1 Z'éo)
a —z3 1 —2z3 1 —z3 1 gcgo)
— X X X
—zy 1 —zy 1 —zy 1 xs\(;)

The estimation of the accumulated values could be obtained as below from the
solution of white differential equation [7]

~(1 0 U
xl(c—alz(xg)_a

) emak 4 Y

a
Optimization of u by GA
In traditional grey model GM(1,1), the weight p for calculating background values
are fixed as 0.5, which means that the background values are equal to the average
of two continuous accumulated data [7]. However, the value of p is possible to be
varying within the interval [0,1]. An optimization of p could be carried out for
building a better grey model. In this paper, the GA technique is used for finding
the optimized value of p and improve the flexibility of the grey model.

The GA optimization [8] originated from the theory of natural evolution and
mimics the process of natural selection, including mutation, crossover and selection.
It starts with a population of randomly distributed solutions in the given domain.
Each candidate solution corresponding to the value of u differs from the others. In
our case, the objective of the optimization process is to minimize the errors between
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the estimated values and real values. Therefore, the Mean Absolute Percentage Error
(MAPE) is used as the objective function, which is defined as below:

N |,.(0) _ ~(0)
_ 1 Z r, — & (1)
k=1 k

Rolling Mechanism for GA-based GM(1,1)

In practical cases, the trend inside a data sequence is typically significant in a
limited period. Since only the latest data reflect the development trend, the rolling
mechanism with a sliding window for the building of GM(1,1) is an effective method
to deal with the seasonal data.

In the rolling mechanism, the GA-based GM(1,1) is always built on the p orig-

inal data points [:1:50) mgo) zéo)} to predict the following ¢ data points
[:c;(ﬁl %(70+)2 :c;?gq}. In this case the length of sliding window is p. Once the
new information is acquired, the predicted ¢ data points will be replaced with the
real values. Then most updated p real values [9651031 3%(1(22 .13;0_3 q} will be uti-
lized to predicted the next ¢ values {xigzqﬂ xg?q“ xé?Qq} . These steps will

be literately implemented over all the data set.

Case Study

In our study, the 5 yesrs’ records of outage in the local urban distribution network
have been collected and used for building the grey model. From 2008 to 2012, the
number of outages in every month increased during summer and decrease in winter.
The possible reason is that during summer, the higher temperature and less precip-
itation bring chanllenges to the insulation of power equipment. The aging process of
electrical devices accelerates during such critical weather conditions. However, there
is also a potential increasing trend in the annual total number of outages. If we focus
only on the summer period, the outage number has seen a slight increase during the
5 years. It may be caused by the more frequent heat waves in summer. Meanwhile,
the warmer summer encouges more families to install the air-conditioners in their
houses, which significantly increase the load in power grid. Outages are prone to
happen in the overload state.

Building the GA-based GM(1,1) with rolling mechanism

The monthly outage number in the urban distribution network among the five
years will be predicted by empoying the GA-based GM(1,1) in this section. In order
to capture the lateest trend of the change in outage numbers, the rolling mechanism
is applied. The length of sliding window p will be tested on different values with
comparison of forecasting errors. The length of prediction data ¢ is always set as 1
in our simulation. The prediction results are shown in Figure 1.

Conclusion

In this paper, an improved grey model is proposed to forecast the number of outages
in the urban distribution network. An accurate prediction of the outage number pro-
vides a useful indicator for the maintenance plan and investment in the construction
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Figure 1 Results of monthly outage prediction with different sliding windows

for a stronger power grid. The parameters for building the traditional grey model
GM(1,1) is first improved with the optimization techniques. Since the monthly out-
age number is a seasonal data sequence, the rolling mechanism is introduced to
improved the ability of capturing the change of trend.
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