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Classilication. Filtering, and Identfication
of Electrical Customer Load Patterns
Through the Usc of Self-Organizing Maps

Sergio Malero VMenhi, Maio Orie Garcta Curnling Senabre, Antomo Gabaldon Maring Member, fEEE and
Prameisco 1 Garcda Franco

Adwirerer— Differend methodolugics ace available for clustering
poepesen, The ahjeetive of s paper i o revies the cuparity of
some of thom aned specifically to test the ability of sell-orpanizing
onugps (SOMS) 1o ilter, classily, and extroct patierns fromm dis=irifi-
wior, commerchalizer, or costomer Plectrical demand dutubises,
Phese markel pacticipants can achieve an interesting henelit
ol e lonowledge of these palieros, for example, to evaluule
the petential Tor distributed geney ation, enerpy elliciciocy, and
dempnid-glde response policies (market anulysis), For simplicity,
custimer classifiention techniques psuully used the hlsioric Jvad
curves of each nser, The st step in the methodology prisented
i this paper ks amomadous dara fierings bolideys, maiotenance,
and wreny mensurements must be eemosed Trome the databiase,
Subsequently, o dilferent irestments reguency and time du-
sinin ) ol demine data were tested 1o Feed SOM mups wod eviluate
the udvatuges of ench approach. Finally, e abilitg of SO/ (0
elussily aew customers in different elusters B alse examined, Buth
steps have been performed throngh s well-known techuigue: SOM
mgs. Ul results elearly show the suitability of this approach
Lib iy e ot manage mrenl wod by ensily find coherent clusters
hutween eleetrienl users. aceounting for relevant information
absoul wevliend demand patterns,

tadey Teems—Dats minlig, demand management. electrical
cugtomer segmentation, load  patterns, self-organizing maps
(ROMs).

I INTRODLCTIRY

FEHE liberalizanon provess of the clectrical market hus pot

heen as suceassiul us wis planned, due 10 8 Lot of problems
that have appeared since 2000 unnil pow: for caumple. the Cali-
fornin energy crisis in 2000 or blackouts in Eurupe, the United
Siares, and Canuds jn 2003, e to these eaperiences, repula-
tors and syslein operators belicve mone and more that additional
clectrivity 1esources (dismiboled energy resourees) should be
procured using an integrsted process that would tuke imile ac-
cuupt not only supply bul ulsy demand policies: Tor example.

Munuseripl ecsived. Oetober 4, 2005 sevised May &, 2006, This wank
wits stipzonial Ly Burgpean Union Sous Faanework rram ander Frogect
EU-ERP SRSG-CT-2003-302314. Paper oo TIWRS

S0 Yerdn and M, O, Garcin are with the Depanms
neering. Universidand Mgl Herninder, Eloche: Spon fe il svaler
el

. Semfae wowith the Deperment of Mechamice, Unsiversidod Mage
Harndmle, Flohe, Spamn,

A Cinhaldan Maris and FoJ, G Pt ace with the Deparimens of Flecical
Py sneering, Uiriversidad Poliicsion de Canageny, Cormpen, Spaim de
e b o e
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Fig. 1

cificlency gains in demand (in & Jong term horsson, dermand
management, or price responsiveness (in shovt-torm hurizon),
The efiactive contribulivi o these programs and the necessity
of offering enerey choices to consimers need: o delailed knowl
edee of customer segments, the characterizulion of thase see-
ments (demand behavior), end-uscs “dissection” for each cis-
womer, Joad modeling (demand nnd résponse modkels ). and fore
ther demand aggresation to achieve demand packapes l[or du-
mand side hiddings and olfers in energy markers {sce Fig. 1),

Besides. this derepulation and liberalizanon m power s¥stems
causad the necessity of new (customer and system) measure-
ments, meniloring, and contral actrvities, This fact has increased
the umueent of data stored by supply-side actors: 5o, this enor-
mous quantity of availablc dala presents a-problem lor utihilivs
but also 3 nen-nezhmble vpportuaity for distribution research.
This high-dimensional data set cannor be easily modeled, and
sdvanced ools for svothesizing stucrures from such informa-
tinn arc needied

Frevious resulte nn modeling, aggeegation, and construction
of enerzy packazes were presented by the authors of [1]and {21,
The rest of this paper presents 3 methndology [or custumer seg
menianon and clissification fhrough the improvenent and use
ot the data mining or keowledoe discovery in databases tech-
mgues [3 14)
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1. REview OF CUSTOMER CLASSICICATION METHODOLOGIES

In somne dia inining iterials (3], classification methodolo-
pies are geodped i different categories according 10 rhe man
ek they we gsunlly focused on: artlical imelhgenee leche
niqul_'_u toewrs] networks and 111';_;{_\' !:_1g|n;'] AU FTar | lechnggues
(loear reeression and discriminant analysis), and vesuslieation
techiyues Chistograms. dendoprams, and scatter pluts 3 Fig 2
shows o compendinm of the technigoes mentioned alsove and
teated Cor this paper

A Techmguer Revlew

I tollowing paruprapls describe the characterisnics of the
most inicrestne methodologies presented in Fig 2

§) Ao Newrad Nenworks Technigues: Amficial peurl
networks (AN Uy (o reproduce the way the human bron acts:
a highly complex, nonlinear, and parallel information processy
able to perlorm certain computatens many limes faster than the
mast powerlul digital enmputer available wday.

Actually, ANNa find applications. in such diverse felds as
modeling, fimo-serics. unalysis pallern recognition, and orhers
by wvirtue of therr ahility Lo lesn from input data with or without
a feacher,

First imporlant reselts in the ANN ficld were obraincd with
the simple perceptron (1958) | 3] and the adaprive linear clement
(ADALINE) (19600, two supervised learming noural nevworks
wble (o classify linearly separable seis of vectors.

Simple perceptron cvilved  inte anullilayes perceptrons
(MR fecdlorward newrsl aetworks with more than one
percepiron used (o solve more difficult problems.

Later, in the 19805, Kokonen introduced the lcaming vector
yuanbization (LVEN 6] Based on competitive luyers in which
pedrens compete with each arher for the might W respond tooa
given inpnt vectar: mdnvidual nourons Jearmn W become: feature

detector cells

ahtanrea sl tinng

Finally, Fiman perworks [7] wre able w learn, recogiaee, wod
pihierite termpaaral patterns, asowelbus sputiad patens, by means
of the recurrent comaection feature of the netwaork,

I the tareet outpuly e oot avadlable, ensuperyised petworks
mausd be wsed, Inothis case, the weaghts and bioses of the network
wre only iredified 0 response woinputs 8o acget outpuis are o
needed 1, and the algorithms classify the inpur pateerns in a finae
number of classes.

Sell-orzanzmg maps (508} (] arc unsuperyised nelworls
able 1o learm both the distmbution fas compelitve luyers do) and
the topoloey of the input vecwors on which Uiy wee teainsd,
Consequently. excellent clusiering cesulls wee obtained, L ad
ditom, an casy evalualion of U wesult is possible through the
sraphical representution on maps whose ditferent labels (oos-
witrers or vectors identifiers) can be prooped by visual inspee-
o Applving some index functions, it s possihle w ehlan
an aptimum clustering, hut some "supervision’ 15 NoCessary W
filter the resulrs of the maps (Lo, the operawor sehects e ms-
imum number of clustersh. More delaibed information s poe-
seared in Soeoon TIL

The main foatures of the supervised and unsupervised tech-
migues disvussed above can be consulted in Table [

Some methodologies in Fiz, 2 appear as “hybrid learning”
technigues. A hybrid method for leaming sncampnsses own
phases: the frst is a not supervised one for the derermination
uf ¢lustess center. and the second is A supervised phase, for Lhe
weights and thresholds derermination [3],

Three ditferent technigues ure presenlel: radial basis nat
works [9], generulized regression peural networks (GRMNN)
[10]. and probabilistic neural netwaorks (PNMNY 4], [11]. The
GRNN and PN have a disadvantage: they parform the opera-
tions slower than other kinds of networks 112, [ 13-

B Frzov Logic Technigues: Anothorimierestng possibilily,
for clustering purposes, 15 the wse of luzzy methods: ANFLS
114 ey C-means. ongmally iotroduced by Besdel in (981




