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ABSTRACT
In view of the DSM (Demand Side Management)
under the big data environment, an improved FCM
(Fuzzy C-Mean) clustering with Gauss data preprocessing is proposed, and the daily load curve of the
whole study area was obtained with the electricity data. According to the formulation of the TOU
(Time of Use) price, which is consistent with the
characteristics of local users is given. The electricity suggestions based on the specific user load curve
is provided, including the return of the DR (Demand Response). Subsequently, the sampling division is put forward to expand the improved model.
Finally, the method is tested by the actual data, and
the results show that it has a processing speed 10
times of the direct processing when the data is more
than 10000.
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1

INTRODUCTION

With the fast development of information technology, China’s power industry has entered
the era of big data[1]. At the mean time,
power side management has been widely used
in many countries, which has achieved some
good results[2]. Based on the new electricity
reform, the new method of power demand side
management under the background of large
data is studied. In smart grid, it guides users
to participate in power grid interaction, which
can not only help enterprises to save energy
and reduce the cost of electricity, but also have
great significance in many aspects, such as the
safe and economical operation, the sustainable
development of the country and so on[3]. At
present, the application of power big data in
China is mainly dependent on the integration

of power enterprise group, three operational
monitoring (control) center, and the three major power data center.
For power big data processing, the previous study can be divided into three parts:
distributed computing, memory computing,
stream processing. That is to use the data storage, efficient reading, and real-time processing of the power big data to solve this problem. The scheme and implementation of improving the processing power big data are put
forward by the data storage[4]. The method of
real time processing of big data in power state
detection is given in the literature[5]. However,
they are weak in unstructured data processing
and data deep mining analysis. What’s more,
they are difficult to meet the five requirements:
large amount of data, high processing speed,
large data types, high value and high accuracy
of power data[6][7].
We consider electricity suggestion as the research project, which can be applied to the
demand side management. And then a solution method under the large data environment
is proposed: Firstly, the matrix vector is used to
improve the FCM clustering, in order to make
it conform to the processing of the data and
get the whole power load curve of the study
area after data preprocessing. Then according
to the rules of TOU electricity price and the
whole load curve, we use the method of “midpoint selection”, and give TOU electricity price
which conforms to the local electricity habits.
With regard to the specific user’s daily load
curve in this region, based on the analysis of
the above TOU electricity price, we made suggestions on the way of electricity, and the calculation of the demand side response returns.
Secondly, we propose the idea of sampling division to improve the operational efficiency of
large-scale data processing. Finally, on the ba-
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sis of the actual data obtained by the investigation, the performance of the two methods
(the sampling method and the direct clustering
method) are compared by the example test, and
the results show that the feasibility of sampling
partition clustering is proved in large data environment.
2
2.1

out the complement operations with original
data X to form a new data matrix X0 .
Complementary processing is as follows:
Let 1 to bw/2c column and m − bw/2c + 1
to m column of X fill to the head and end of
the X, and we can get the X0 . The row vector
x0i = [x0i,1 , x0i,2 , . . . , x0i,m−bw/2c+1 ].
Do the convolution between the x0i and K:

FCM CURVE CLUSTERING
0
wi,β

Data Preprocessing

The collection of user data is inevitably affected by various noise sources. The inherent volatility of electricity index data will affect the follow-up data compression, repetition
and fault diagnosis. Therefore, before processing the data, we use the method called Gauss
smoothing filter pretreatment[3] to prepare for
the subsequent big data mining.
Data preprocessing steps are as follows:
We consider the original data X
=
T
n×p
[x1 , x2 , . . . , xi , . . . , xn ]
∈
R
as
n user’s power consumption data matrix, every user has p data points.
After smoothing the data is sorted into
Xsmooth = [x1 , x2 , . . . , xi , . . . , xn ]T ∈ Rn×p ,
and xi = [xi,1 , xi,2 , . . . , xi,m ∈ R1×p ]. Variance σ and window width w are the adjustable
parameter.
Take Gauss kernel function, the expression is:
gauss(d, σ) = e

−d2
2σ

=

x0i (β)

∗ K(β) =

β
X

x0i,j kβ−j+1

(4)

j=1

and β ∈ [1, m+2×bw/2c+w −1], j ∈ [1, m].
We
can
get
matrix
W
=
0
0
0
0 T
[w1 , w2 , . . . , wi , . . . , wn ]
∈
Rn×(m+2×bw/2c+w−1) .
We Intercept the
n × p matrix in the W as the Xsmooth . The i
row and j column of Xsmooth is:
0
xi,j = wi,j+bw/2c

(5)

We select the power consumption data which
has two categories (town,township) from a
county area, and the use matlab in drawing
the electric power load curves from 200 users,
Yuanling County, Hunan Province, China as
the figure 1 (the X-axis is time, Y-axis is
power).

(1)

Defined window width w ∈ Z, then D =
[d1 , d2 , . . . , dw ]1×w . Among them,
di =

w−1
+i−1
2

(2)

If
ki = gauss(di , σ)/

w
X

gauss(dj , σ)

(3)

j=1

Then coefficient matrix is K
=
[k1 , k2 , . . . , kw ]1×w .
On account of similarity in the user’s electricity data, which shows a strong periodicity in a
longer period of time, it is necessary to carry

Figure 1. Before preprocess the data

Using Matlab to achieve the above algorithm
programming, that is, after the Gauss smoothing filter data preprocessing, the results are
shown in figure 2.
It can be seen that the preprocessing algorithm
can better identify the inconsistency between
the anomalies and the normal data, and the remove outliers. What’s more, the measurement
data can be very beneficial to retain the data
characteristics of the original data.
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µ and cluster center Z are respectively:
1
,
2/(m−1)
r=1 (Dij /Drj )
1 ≤ i ≤ c, 1 ≤ j ≤ n (8)
Pn
m
j=1 µij xj
,1 ≤ i ≤ c
(9)
z i = Pn
m
j=1 µij

µij = Pc

Figure 2. Electric load curve of all users

2.2

Construction of Model

After the data preprocessing, the data can accurately reflect the actual situation, so that it
is more convenient for the implementation of
clustering.
In order to obtain the user’s electricity characteristics and tap the electricity value information further, we take the algorithm called FCM
clustering into consideration. FCM clustering is a classical fuzzy clustering algorithm[8],
which can be used to estimate the type of data
points. Actual user data is often power information on each time node in a period of time,
and we need the overall consideration of each
time node in this time period, that is to use the
user’s power curve as the sample unit, clustering a certain number of user data sample
unit. Therefore, this paper proposes a clustering model of FCM curve, which is suitable for
the estimation of power consumption, and its
description is as follows:
J(X; M, Z) =

c X
n
X

(µij )m ||xi − zi ||2 (6)

i=1 j=1

Where, n is the sample number of clusters, c is
the number of categories. µ is a kind of fuzzy
membership degree of a certain type of samples. xi represents the power data of the No.j
sample, containing p data. zi is a kind of cluster center, Z = [z1 , z2 , . . . , zc ], zi ∈ Rn , m is
fuzzy index.
Define the distance between the user’s electricity data and the cluster center:
2
Dij
= ||xj − zi ||2

(7)

The updating equations of membership degree

The specific algorithm steps of fuzzy mean
curve clustering:
Step 1: Set the target function precision σ,
fuzzy index m (usually take 2), maximum
number of iterations Tm ;
Step 2: Set membership degree µ;
Step 3: By the (9) we initialize the fuzzy clustering center Z;
Step 4: If |J(t + 1) − J(t) < σ|,or the number
of iterations satisfies t > Tm , we end the cluster. Otherwise, assign the value of the t + 1 to
the t and go to step 5;
Step 5: According the (8) and (9), we update
fuzzy membership degree µ and fuzzy clustering center Z, then return step 4.
Finally, the clustering center Z is the result of
the clustering, which can clearly show what
types the samples can be divided into.
3

TIME ELECTRICITY PRICE

The clustering intensity is enhanced until all
the sample curves are clustered into one class,
that is, this unique clustering curve represents
the overall electric habit of the sample, and
we divides the time interval of the total sample area by this unique clustering curve. According to the load level of the unique cluster
curve, the time interval is determined by using the method of the “mid-point selection”.
The point on the time axis corresponding to the
middle point of the peak and valley or between
the peak and the flat is the point of the time
interval. The 24h in this area can be divided
into 3 main power use periods: general (flat)
period, peak period, and valley period.
We set the price of flat period as pf , on the basis of it, the peak and valley period under the
floating price are respectively:
pp = pf (1 + µ)

(10)
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pv = pf (1 − ω)

(11)

Type µ and ω are floating and floating ratio.
Considering the benefits of the power supply
side and the user, we define the pull apart as
[9]:
∆ = µ/ω, W3 /W1 ≤ ∆ ≤ 1

(12)

W3 and W1 express respectively the total electricity consumption in peak and valley period. According to the implementation method
of sub-time electricity price and time division
above, we get the sub time electricity price
which is in line with the local electricity habit.
4

POWER RECOMMENDATION AND
RETURN CALCULATION

Power recommendation: Through the ideal
“eliminate peak and fill in the valley”, the load
curve of power system in the region will be a
parallel to the time axis line which is the curve
most wants to see. For a specific user, the actual load curve and the daily average load curve
are used. According to the comparison, it is
proposed that the use of electricity should be
less in the peak period and be more in the valley period, so that the load curve is similar to
that of the daily average load curve.
24h in a region according to the above method
is divided into n hours. The electricity price in
the N o.i period is recorded as pi . If the electricity consumption of a user in the N o.i period
in this area is wi , the user’s electricity tariff will
be:
n
X
P =
pi w i
(13)
i=1

If the user fully accept the proposal, that is, the
total electricity consumption of the user will
not change, when the peak power shifts to the
valley, the load curve will be idealized into the
daily average load curve. Note the length of the
N o.i period for ti , after accepting the proposal,
the power consumption of the N o.i period is:
n
X
0
Wi = (
wi /24) × ti
i=1

(14)

at this time the electricity becomes:
0

P =

n
X

pi wi0

(15)

i=1

The savings amount is ∆P = P − P 0 .
5

REALIZATION IN LARGE DATA ENVIRONMENT: SAMPLING DIVISION

Classical algorithms have different degrees of
restrictions on the scale of the data, and the
fuzzy curve clustering algorithm introduced in
the previous paper is no exception[10][11]. In
order to give the realization scheme of FCM
curve clustering under the big data environment, the paper proposes the idea of sampling division based on literature[12]: using
the correlation between each sampling, not
only the independent treatment of each sample
can maintain a smaller size, but also the results
can reflect the overall processing.
5.1

Sampling

For the small data set extracted, hoping that
it can have all of the natural clusters which a
large data is contained in, that is, it contains all
user types. We give the sampling formula[13]:
1
S = f × n + c × log( ) + c×
δ
r
1
n
1
[log( )]2 + 2 × f × × log( ) (16)
δ
c
δ
Among them, S is the total number of samples
to be taken at least, f is the proportion of extracting to the specified data. n is the data size.
c is the class of the number of natural clusters
that all the data contains.
Set the total sample number M = d(S ×c)/ne,
then the sample size of each sample is k =
dS/M e. The size of the data is often very large,
that is, there are k × M << n. The Sample is
sampled by this method.
5.2

Initial Position of the Natural Cluster
Centroid

We set all sampling to have an ideal coverage of all natural clusters which cover all categories. Natural clusters that are included in
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the sample have the approximate centroids like
the original data set. We set two steps to determine the initial position of the natural cluster
centroid.

data set A whose size is c × M . By clustering
A with improved FCM algorithm, we can get c
clusters, then it will make c × M small clusters
into c large clusters. By calculating the mean
value of the c clusters, the initial position of the
natural cluster centroid can be determined.
5.3

Means Update

Because the data is local information, the initial position of the cluster centroid often deviates from the cluster centroid of the original
data set. Therefore, it is necessary to update the
initial position by updating means. According
to the distance of the initial centroid, the remaining data samples which are not used to be
allocated to the nearest cluster:
λ = arg max(−|α∆ − αi |2 )
i

Figure 3. Determine the initial location of the natural
cluster centroid

First step: Due to the small size of the sample,
we can use the classic algorithm in clustering
each sample, so the process of clustering FCM
curve will be very fast. It can be implemented
in parallel processing which can reduce a lot of
running time, for the reason that sampling has
the same scale, and the clustering process is independent. Set one sample of the total sample
large data set (category number is c) covering
c category. Because of the existence of this inequality: 1 ≤ c0 < c, the sampling will be clustered into c clusters, which will split a cluster,
and that is a more detailed classification situation, which will be revised in the following
text.
Second step: By the first step we get c × M
small clusters, and calculate the average value
of each small cluster:
αi =

1
n

ni
X

αij

(17)

j=1

ni is the data size of the cluster Ci , and αij
is the properties of a sample in Ci . Using the
mean to represent the cluster, we can get the

(18)

α∆ are the sample properties whose class is undetermined, λ are the already identified categories.
When a data sample is filled with a cluster Ci
according to the above classification principle,
the mean value of the cluster is updated:
αi ⇐

αi × ni + α∆
ni + 1

ni ⇐ ni + 1

(19)
(20)

With the addition of the remaining data,
the mean position is constantly updated, and
moved to the real center of the natural cluster
until the update has completed.
At last, the data set is divided by the above
mentioned natural cluster centroid, and the
principle of dividing the data is still in the form
of the formula (18). That is, according to the
distance of the cluster centroid, we can determine the final classification.
6

EXAMPLE ANALYSIS

6.1
6.1.1

Demand Side Power Recommendation
Data Sources and Processing

It can be known from Figure 2, although the
individual user’s electricity characteristics are
not the same, but the county has a total of two
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electricity peak (in the morning, afternoon), a
period of electricity valley(noon) and a period
of electricity flat (night).
Therefore, we set the clustering intensity , and
the improved FCM curve clustering is used to
cluster the 200 user load curves into a class as
shown in Figure 4. The only cluster curve represents the overall power habits and levels of
the Yuanling County.

Table 1. Time sharing electricity price
Period Type
Peak period
Flat period
Valley period
Period Type
Peak period
Flat period
Valley period

6.1.3

Range
8 : 45 ∼ 11 : 45&16 : 45 ∼ 21 : 45
00 : 00 ∼ 8 : 45&21 : 45 ∼ 23 : 45
11 : 45 ∼ 16 : 45
Measures
TOU Price
Floating 80%
0.810
−
0.450
Down 55%
0.202

User Power Recommendation

Calculate and draw the load curve and the daily
average load curve of one user, respectively, as
shown in Figure 6 in the form of broken line
and horizontal line.
Figure 4. After FCM curve clustering

6.1.2

Tiered Pricing for Electricity

Based on the load level (instantaneous power)
of the only cluster curve in Figure 4, and
we combine the reference[14][15][16] with the
”midpoint method” given in the previous paper to determines the time period. The result
is shown in Figure 5. The area 24h is divided
into 3 parts (5 power period): flat period (00 :
00 ∼ 8 : 45) & (21 : 45 ∼ 23 : 45), peak period (8 : 45 ∼ 11 : 45) & (16 : 45 ∼ 21 : 45),
valley period (11 : 45 ∼ 16 : 45).

Figure 5. Determine time hours

Combined with the implementation measures
of Hunan power grid peak valley TOU price
and the time division above, the proposed TOU
price in line with the local electricity use is
shown in table 1.

Figure 6. Schematic diagram of power suggestion

According to figure 6, the user’s electricity is
recommended: Reducing the power consumption according to the daily average load curve
in the period when the actual load curve is
higher than the daily average load curve. Similarly, the user ought to increase power consumption at a time below the daily average
load curve, thus participating in the demand
side management. In accordance with the previous return calculation, we can be accurately
obtained if the user followed the electricity recommendation, the ideal energy savings is 1.04
yuan per day.
The proposed power recommendation and the
amount of return, is a demand side management signal for individual users, and can be
more reasonable to strengthen the demand side
management[17][18][19].
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6.2

Test under the Environment of Large
Data

In order to test the performance of sampling
partition clustering, the number of users to be
processed is increased in turn. The average
running time which processing the same user
data need are respectively tested by the sampling partition clustering and the direct clustering. We define the processing speed as v =
q/τ . q is processed by the number of users.
τ is the average running time. Therefore, the
lifting speed ratio is α = v2 /v1 .
The test and calculation results are shown in
Table 2 and figure 7.
Table 2. Example contrast test
A1
1000
2500
5000
7500
10000
13000
16000
20000
30000

B2
7.34
36.23
74.20
109.96
122.35
166.83
233.37
296.54
428.04

C3
1.44
3.36
7.50
11.08
13.98
18.57
23.19
27.84
42.94

D4
5.11
10.78
9.89
9.92
8.75
8.98
10.06
10.65
9.97

E5
136.19
69.00
67.39
68.20
81.73
77.93
68.56
67.44
70.09

F6
695.78
744.00
666.43
676.91
715.41
700.09
690.03
718.28
698.69

Figure 7. Relationship between direct clustering speed,
clustering speed, lifting speed ratio and data size

From Figure 2 and table 7, we can see that the
processing speed of sampling partition clustering is always higher than that of direct cluster1

A means “Quantity”
B means “Average time of direct clustering”, time
measurement: s
3
C means “Average time of sampling partition clustering”
4
D means “Lifting speed ratio”
5
E means “Speed of direct clustering”
6
F means “Speed of sampling partition clustering”
2

ing in the range of the data used in the experiment. That is to say, the drawback of direct
clustering: low speed affects the rapidity of the
power system analysis.
In addition, when the data quantity is higher
than 10000, the lifting speed ratio between
the sampling partition clustering and the direct clustering is stable at about 10. In terms
of large-scale data, the sampling partition clustering can still maintain a good processing
speed, which proved its good processing performance.
7

CONCLUSIONS

Based on FCM clustering and sampling algorithm, the electricity recommendation model is
proposed for the demand side. Through the actual data matlab simulation test, it is proved
that in the electric power big data environment
the sampling partition clustering has a faster
processing speed. With the increase of the
amount of data, it has obvious advantages compared with the direct clustering. In addition,
the power recommendation (TOU price, electrical mode, demand side response, etc.). what
the model give is clear and accurate to meet the
user’s electricity habits and characteristics.
For the future work ,we will further improve
the efficiency of the algorithm. Try to build
a real time data processing platform, which is
used in the field of power system planning,
load forecasting, customer type classification
and so on.
The technology can be applied to the power
demand side management in the background
of intelligent power grid with big data. It can
not only mobilize the enthusiasm of the power
demand side response, ease the power shortage pressure, and reduce the supply and consume power cost, but also improve the system’s
overall energy utilization efficiency. So it can
achieve the long-term goal of environmental
protection and sustainable development.
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