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Abstract— This paper reports the Typical Load Profile of
different types of consumers of distribution feeder which is
based on clustering methods. Among many clustering methods,
fuzzy c-means has been examined for determination of
representative clusters because fuzzy logic is conceptually easy
tounderstand. It isawell known clustering algorithm for typical
load profiles determination. The results demonstrate that the
proposed method is efficient for assigning Typical Load Profile
(TLP) to the consumers. Moreover, the finding shows that the
energy consumption can be clustered not only based on the load
pattern but also load value. The results demonstrate that the
proposed method is efficient for assigning TLP to the
consumers.
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I. INTRODUCTION

Furthermore, a significant amount of time wouldnieeded to
develop such a system. An alternative to this aggrds by
determining load profiles for consumers.

Small eligible consumers have the possibility t@rae
supplier even they don't have appropriate metering
equipment. Therefore, the formation of a feasibid aost
effective way to determine consumers’ electricity
consumption and deviations without installing newet
interval meters is an important issue. A load peofiased
settlement can replace expensive installationsra-tnterval
meters and it ensures a "fair" and accurate biliygjem and
access to the retail market.

Typical Load Profiles (TLP) representing coheremtups
of consumers Moreover, the load profiles can be atxy
helpful in dealing with load management, distribatsystem
planning, and state estimation, distribution transier loss of

Utilities would have a better trading and marketingfe evaluation or distribution system restoration.

strategies and the ability to design specific taptions for the
various classes of consumers in tune with realaijwer cost.
Load profile of consumer makes more reliable arcéptable
in this regards. Consumers can participate in ¢t&ilrmarket

and keep track of their actual power consumptiomn ag

distributors could use such information for loadnagement,
distribution system planning and developed eletyriariffs,

etc.The multiple participants of the electricity nket need
new business strategies for serving
environments. So, accurate consumer’s informatsohbadly
needed to fulfilment their electricity demand. Biétd
knowledge on consumer’s load consumption can fatgli
distribution companies in determining specific ffaoiptions
for different type of consumers. Initially, the mafficient
method of determining electricity consumption woblel the
direct monitoring. This can be achieved by instgllitime
interval meters, quarter-hourly, half-hourly or Hguat each
point of consumption. However, this approach

cost-prohibitive due to the equipment and processists.
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There are two different approaches can be usetbéat
profile based settlement; the area model and thegoey
model [1]. The area model includes all those custsnthat
re not metered on time interval basis within thegyaphic
region covered by a network. On the other handc#tegory
model grouped customers with a similar load patieto
@tegories. Application of category model requitgsical
oad profiles (TLP) representing coherent groups
consumers. Several papers present work regardieg
establishment load profiles for a group of consufig}, [2],
[3]-[7], which are based on field measurements ead be
divided into two groups. Typical feature for thesfigroup is
that TLPs are derived from load survey systemsraaog to
some predefined consumers groups [1], [2], [7]. $&eond
group is obtained by identifying TLPs dependinglmshape
isf the load curves [7], [9]. For this purpose, tise of pattern
recognition methods is proposed. Limitations of fivet
TLP-determination approach are measurements pesfbrm
over long time period and analyses how to define
characteristic groups. Disadvantage of the secpptbach is
formation of typical customer groups represented bly.

of
th

The aim of the paper is to analyze the MeasureddLoa
Profiles (MLP) obtained from the Distribution Syste

(e-mail:Qperators (DSO), determine the TLPs and their atlon to

the particular group of eligible consumers. Amorige t
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(ANN) and self-organizingnap (SOM) as described in [5-7]. C. Flowchart

Typical

load profile has great potential for funthe

improvement in distribution system applications. @

A. Allocation of TPL

Il. MODELING

Determination and allocation Procedure of Typicalat Measuremel —» Daily Load curve

Profiles for eligible consumers can be divided ifi@e steps.

i) Preprocessing of the data obtained from the v
DSOs, consisting of arrangement of MLPs .
according to the season and type of the day, Data Pre-Processing \—» Bad d‘f’“a
smoothing and normalization.
Normalization
i) Classification of the preprocessed MLPs using A
fuzzy c-means clustering algorithm. Clustering -—» Suitable clustering
) ) _ Algorithm
iii) Allocation of the TLPs, obtained in second step,
to the particular group of the eligible consumers
using the probability neural network. v
Produce TLP —» Number of Clusters
B. Procedure
The obtained data were preprocessed before clugtersing
following steps: Fig.1: Flow chart of TLP determination
i) Data for each MLP were collected over one
month. Therefore they have to separate them lll.  FUZZY C-MEANSCLUSTERING
regarding the day of the week. Fuzzy C-means Clustering algorithm (FCM) is a métho
that is frequently used in pattern recognition.htts the
ii) White noise was eliminated from the MLPs byadvantage of giving good modeling results in maages,
wavelet multi-resolution technique in order toajthough, it is not capable of specifying the nuntfelusters
reduce the influence of coincidental electriy itself [11]. The FCM can be applied to data tiet
devices on their shape. quantitative (numerical), qualitative (categoricaldr a
combination of both. In pattern recognition, grafpdata is
i) Load data has been recorded at different scalegalled a cluster. The load profile data can berged as a

Therefore data can have quite different rangegnatrix where each row contains load profile data
Normalizing converts the MLPs to unit lesscorresponding to observed variations of consunuas bver
variables using suitable normalizing factor. Thajme and the column corresponds to the number alliated
peak power used as a normalizing factoreonsumers. On the other hand, fuzayeans (FCM) relaxes
Moreover, peak power has a certaifhis requirement by allowing gradual membershipsffect,
limitation and could give misleading resultsit offers the opportunity to deal with the datatthalong to
because, the peak value is much higher than @lfore than one cluster at the same time. It assigns
other values of MLP. Thus, in these cases it ifilemberships to an object, which is inversely reldte the
necessary to reduce or eliminate this peak valyg|ative distance of the object to cluster protesBy using
before normalization. FCM, each data point belongs to a cluster to soegeet that

is specified by a membership grade. It is based on

minimization of the following objective function:

3n=Y D if)"|x, i

i=1 j=1

Where, N denotes the number of load profile; Chis t
number of cluster, m is weighting parameter; inggahm=2;
uij is the degree of membership of xi in the clu§t&i is the
profile of ith feeder of measured data, cj is jlinster centre;
[| * || is any norm expressing the similarity betweany
measured data and the centre.
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Assume that a set of N load profileé ={X, X,... X;.... X} V. ResULTSAND DISCUSSION
algorithm are given below: of consumers using fuzzy c-means clustering algoritThe

FCM clustering was implemented on MATLAB, where the
Step 01: Choose C and m, and initialize the partition imatr inputs of the normalized value of hourly data offedent
U =[u; ]matrix, U(O) feeders in matrix form and obtained the resultsFGM
clustering. The clustering algorithm for differemimber of
clusters has been examined and the MATLAB progras w

Sep 02: Calculate the cluster centers. . L X . A
P run for several times with different iteration courinally the

N FCM clustering results was plotted against timaanr. The
z uij ™ .x, following figures (Fig.2- Fig.7) show the TLP offidirent
— =1 feeders using FCM clustering.
C, = N
> uij "
i=1
1
Sep 03: Update the partition matrix for the kth step, Jdk 09}
follows: 0sl
1 .
i = For 1<i<C 0.71
Z (”XI B CJ ” )m 1 506f
1 |xi - di’ HE
< 0.4r
Step 04: If ||u(k +1)- u(k)|| < & then STOP; otherwise 03

return tostep 02.

Typically, K is chosen to be one; every iteration the
updated value ofij depends only on the similarity between
the objecki andcj. The data is partitioned into fuzzy subsets,
so the objects on the boundaries between seversdad are
not forced to fully belong to one group, but rataer assigned
membership degrees between 0 and 1 indicating plagiial
membership. Thus, the load profile cluster cergrthé mean
of all data points in the same observation, weigite their
degree of belonging to the cluster [3]. Updatinghaf means
proceeds exactly the same way as in the case &GM

Time(hour)

Fig 2:FCM clusrering result for cluster=2

IV. DETERMINATION OFOPTIMUM CLUSTER

Since clustering algorithms define clusters tha aot
known a priori, the final partition of the data uigs some
kind of evaluation. Cluster validity is the termdescribe the
procedure of this evaluation. One of the most ingordrissues
in clustering is to decide the optimal number afstérs that
fits a data set. Using a validation index can sd¢hig. Many
different indices have been proposed [12]. In shigly, some
widely used indices are illustrated in Table 1.

Table 1: Clustering Validity Indices Time(hour)

FunCtion_al - Symbol Authors Fig 3:FCM clusrering result for cluster=3
Nonfuzziness index NFI Roubens(1978)

Partition Coefficient F Bezdek(1981)

Partition Entropy H Bezdek(1981)

Minimum Hard endency Min HT | Rivera(1990)
Mean Hard Tendency Mean HT Rivera(1990)
Separation Index S Xie-Beni(1991)
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Time(hour)

Fig 4:FCM clusrering result for cluster=4

Time(hour)

Fig 5:FCM clusrering result for cluster=5
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Fig 6:FCM clusrering result for cluster=6

Time(hour)

Fig 7:FCM clusrering result for cluster=7

Also to determine the optimum number of clusters th
different cluster validity is examined whose valaes listed
in Table 2 for different number of clusters.

Table 2: Clustering validity indices for differemimber of
clusters

F H NFI XB
C=2 0.7402 0.4062 0.4841  0.0433
C=3 0.7020 0.4821 0.5501  0.0343
C=4 0.6523 0.5326 0.4909 0.0291
C=5 0.6314 0.5917 0.4686  0.0343
C=6 0.5812 0.6819 0.428%5  0.0339
c=7 0.5214 0.8123 0.3829  0.0338

The data consists of daily load consumption andsomeal
for every one hour interval from midnight 12 amrmiext mid
night 12am that gives 24 values for each feedee. dim of
clustering is to discover the natural group of taa; the
algorithm was run several times. Based on the nuofheain
consumers connected to the feeders involved, sghper
eight is the maximum number of cluster. Therefdne t
clustering process was repeated from c=2 until Glidster

validity index is calculated at each value of ¢ #id is shown
in Table 2.

To choose the optimal number of cluster, F, NFIniNT
and MeanHT should be maximum while H and S minimum.
From Table 2, it seems that this can be either 8=@8r 4.
However, it has been proven that the values ofdH-halways
maximum and minimum respectively at c=2, thus these

indices are not suitable to determine the bestalusumber
[12].

Furthermore, in this case it is not appropriatgust have
two clusters since there is prior knowledge that fieders
supplied more than two different types of consumers
Therefore, in this case, XB index is more favoraitee four
clusters are more appropriate for electricity feeddhis
decision is taken in line with the fact that el&ity
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consumers are normally categorized into
commercial, street lighting and industrial evenudfio each of

these major categories can be further subdivide 0]

Accordingly, in this case, the feeders’ data istdred into 4
clusters. This is the optimum number of cluster.

Comparing the pattern of the TLP to the specifigetyf
consumer will help to visualize the situation iffits to any
type of consumer. From the utility database, kriewn that
the feeders are connected to the following typeoofsumer:

Domestic
Commercial
Small Scale Industrial

YVVY

Scale Industrial)
Mixed Load (Domestic and Commercial)
Mixed Load (Commercial and Industrial)

Y VYV

VI. CONCLUSION

This paper presents the procedure to determineaijoad
profile of different types of consumers of distiiom feeders
which is based on clustering methodBhe clustering
algorithm for different number of clusters has begamined
by MATLAB. The results of the fuzzy c-means clusigr
algorithm showed that measured load profiles coléd
classified into 7 well-separated clusters. Thelfmesults of
classification showed that 4 clusters could be nateid as
typical, while the other clusters can be rejecieghical load
profile is obtained by averaging the number of gras in
each cluster. Furthermore, the findings show thatenergy
consumption can be clustered not only based onche
pattern but also load value. Typical load profidsifferent
tariff of consumed energy pricing can take majopaat on
metering and billing systems. In conclusion, typitzad
profiles established in this paper has great piatieor further
analysis in distribution system applications.
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