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ABSTRACT

Power system load forecasting is basi ¢ aspect in planning of city power grid; it isa pre- requisite of ensuring reliable
operation of power system, too. The key issue isto build proper mathematical models. A new method based on the
combination of fuzzy clustering and Markov chain is presented. Status analysis of an object is carried out using the
Markov chain, while fuzzy clustering is employed to the states of samples to suit the real case. According to state
transfer, theload changeispredicted. Thisa gorithm isapplied on power |oad forecasting in certain district of Qinghai
province, and compared with real data. Simulation results show that the error can belimited towith- in 5%, which verify
the high accuracy of application of Markov model to short—term load forecasting.
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INTRODUCTION

The so-cdled power load predictionrefersto theanalyss
of historical dataof power load, theestimation of power
system demand and the study of theinfluence of related
factorson power load through specific mathematical
methods or the establishment of mathematical models
based on the change of power load and the change of
externd factors.

Load forecast includestwo aspects. the meaning of
power demand forecasting decided to power generation,
transmisson and distribution systemthe size of the new
capacity; Theforecast of eectricity demand determines
the type of power generation equipment, such asthe
basic load type of two units.

Load forecasting to meet both conditions is the
reliability of the historical datainformation; Second, the
effectiveness of prediction methods.

The core problemof load forecasting ishow to use
the existing historical data (historical load failure data
and meteorologicd deta, etc.) to estimatethe power value
and power quantity valueinthefuturetimeor time period
with appropriate prediction methods.

The purpose of load forecasting isto provide the
load development statusand level, and at the sametime
to determinethe power supply area, the annual planning

power supply and consumption, the maximum|load for
power supply and consumption and the overall load
devdopment level of theplanning area, to determinethe
annua planning power load composition.

Power sysemload forecasting isrelated to power
system digpatching operation and production planning.
Accurate load forecasting is helpful to improve the
security and stability of the systemand reduce the cost
of power generation.

Power system operation process, the power load
forecasting problem for many power sector plays an
important role, it relatesto power system planning and
design, economic safe operation of power system and
electric power market transaction, and many other

aspects.

BRIEF DESCRIPTION OF MAIN PREDICTION
METHODS

Generally, there aretwo kinds of prediction methods:
classical method and modern method. The classical
methodsinclude trend extrapolation, time series and
regresson andyss. Modernmethodsmainly includegrey
theory method, expert sysemmethod, neura network
theory, fuzzy prediction method, support vector machine
method, wavelet analysis method. No matter it is a
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classica method or amodern method, its mathematical
mode isthefitting of the historical load curve, and the
prediction of futureload isredlized by setting parameters
and parameters.

Model in terms of the commonly used mode with
regresson analyssmodd, random event sequencemodd,
artificial neura network modd, grey prediction model
and wavelet analysis forecast model and combined
forecagting mode, the neurd network mode, thewavelet
analysis model is used in short-term, short-term
prediction, gray predictionmode, theregression andysis
mode, trend extrapolation model is more suitable for
medium and long-term prediction.

With the continuous development of the power
industry and the gradual entry into the market, load
forecagting isplaying an increasingly important rolein
the power industry. Well has becomethe core business
of themarketing and trading department, which also puts
forward higher requirementsfor theaccuracy and gability
of load forecasting.

CLASSIFICATION OFPOWER SYSTEM LOAD
FORECASTING

(1) ultra-short-termload forecasting refersto thefuture
within 1h of theload forecagting, inthestate of safety
monitoring, need 5-10sor 1-5min of the predictive
value, preventive control and emergency treatment
need 10minto 1h of the predictive value.

(2) short-termload forecasting refersto thedaily load
pre-load and weekly load respectively used to
arrange the daily and weekly scheduling plan,
including determining the sarting and stopping of the
unit, water, fireand power coordination, contact line
switching power, load economic distribution,
reservoir operation and equipment maintenance, etc.
For short-termforecasting, it is necessary to fully
study the law of power grid load change, analyze
the relevant factors of load change, especialy the
relationship between weeather factors, daily typeand
short-termload change.

(3) medium-termload forecasting isto point to month
to year of load forecasting, main isto determinethe
unit operation and equipment overhaul plan, etc.

(4) long-termload forecasting refersto thefuture 3-5
yearshbased to alonger period of load forecagting,
mainly based onthe power grid planning department
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according to the development of the national
economy and the demand for power load, the power
grid trandformetion and expansgonwork of thevison
plan. For medium- and long-term load forecasting,
special study should be made on the impact of
national economic development and national policy
reform.

Under the inevitable trend of power system
marketization, short-termload forecasting has become
an indispensable part of power planning and
development. Inpractical applications, thedifferent part
of electric power sysemshort-termimpact on the scope
and accuracy of load forecagting isdifferent, so the short-
termload change inherent law and load characterigtics,
related factorsthat affect the short-term load change
andvariousrdated factorsin predicting how to normaize
the process, to improvethe prediction accuracy and is
of important significance for the development of load
forecasting.

CHARACTERISTICS OF POWER LOAD
FORECASTING

Sinceload forecasting isbased on the past and present
of power load to predict itsfuture value, the object of
load forecasting is uncertain events. Only uncertain
events and random events require people to use
appropriate prediction techniques to deduce the
development trend and possible state of load. Thismakes
the load forecasting has the following obvious
characterigtics inaccuracy, conditiondity, timelinessand
multi-scheme.

4.1 Uncertainty

Because the future development of power load is
uncertain, it will be affected by a variety of complex
factors, and the various impact factors are also the
development of change. These developments, some of
which can beanticipated, someof whicharedifficult to
foresee in advance, coupled with the effects of
temporary changes, determine the inaccuracy or
incomplete accuracy of the forecast results.

4.2 Conditional

Various load forecasts are made under certain
conditions. For conditions, they can be divided into
necessary conditions and assumed conditions, if theload
operator isto grasp the nature of the law of power load,
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then the prediction conditions are necessary conditions,
thepredictionisoften morereliable. Inmany cases, due
to the uncertainty of future load development, some
assumptionsarerequired.

4.3 Timing

Each kind of load forecast dl hasthe certaintime scope,
becausetheload forecast belongsto the science forecast
category, therefore, requeststo have thequite definite
quantity concept, often needsto specify theforecast time
definitely.

4.4 M ultiplesolutions

Dueto the uncertainty and conditiondity of the prediction,
sometimes it is necessary to predict the possible
development of theload under variousconditions, and
different load prediction schemeswill beobtained under
various conditions.

EXISTING PROBLEMS
PREDICTION WORK

IN CURRENT

5.1 Theoretical research isdivor ced from practical
application

Inthe past, the main direction of domestic theoretical
research wasthe prediction method theory, model and
optimization, algorithmand optimization, etc., and alot
of studieswere conducted. However, few caseswere
widely promoted and applied. Dueto thelack of effective
and practicd technica support, most of themethods used
inthe application field are still empirical methods, such
as “dividing pork from the top to the bottom” or
“assembling platesfromthe bottomto thetop”, which
arenot highly theoretica and havelow predictionlevel.

5.2 Insufficient ability to predict the response to
changes

Depending onthehugeinertiaof thewhole society, the
prediction based on the empirical method usualy does
not have abig deviation. But since the 2008 financial
crisis, the power load experienced a sharp wave
process, engaged in before the signto the subsequent
development of load forecasting work faces many
difficulties, lack of effective tools to make scientific
andyssand judgement, basicdly follow thegovernment’s
caiber, predicted results always dow half racket redlity
problemisrelatively common, had to frequent revision.
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5.3 Power load resear ch hasnot received sufficient
attention for alongtime

Electric power isaspecial commodity, its application
scope permeates and covers all aspects of social
productionandlife. Therefore, it isconcavablethat there
are many factorsaffecting electric power load, and the
mechanism of these factorsiscomplicated. Asdeepening
thereform of eectric power system, with new energy
technology, energy technology, energy storage
technology asarepresentative of advanced science and
technology to accelerate the popularization and
application, with the emergence of various new type
electric appliances, over the years the load side had
profound changes, the diversity of power load,
crosdinking, randomness and other issuesbecome more
prominent.

Different from other commodity producers, themain
concernsof the power sysem arepower supply security,
overall load contral, etc., whilethe user segmentation
needs to be strengthened, such as user segmentation
classification, electricity information tracking and
accumulation, datamining and analysis, etc. Especidly
need to point out that for avariety of factorsinfluencing
power load and the mechanism of thelack of in-depth
gudy, suchasal kinds of economic/environmenta/energy
policies, industry and industry structure, the boom of
indugtry/industry development, domestic and international
political and economic environment, the primary energy
supply and prices, the user power consumption habits,
new technology development and meteorological factors
such asclimateand mechaniam, and theeffect of electric
power market under the condition of electricity price
information feedback.

5.4 Thedegreeof informatization in theprediction
field needsto beimproved

Power load forecasting needsto analyze and processa
lot of information, which requiresnot only reliable data
sources, but also comprehensive and detailed data.
However, theredity isthat both the academic research
field and thepractical applicationfield arefaced withthe
problem of dataacquigtion, whichismainly reflected in
thelack of dataacquisition channels. Evenif there are
channdls, thereare also problems suchasnumerousdata
records, incomplete data recorded, discontinuous
datigtical caliber and so on.
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Therapid development of information technology;,
the scope of application isexpanding, itsrole has been
widely recognized. However, theinformatization work
inthefield of power load prediction mainly remainson
thelower level applications such as paperless officeand
intermediateinformeationinteraction.

At present, thereare sysemetic researcheson short-
termload forecasting modelsat homeand abroad. The
main exigting power load prediction technologiesinclude
artificid neural network, fuzzy neurd network, etc. The
latest researchtrend isto usewavelet decompositionto
analyze the quasi-periodicity and non-linearity of time
seriesand establish mathematical models respectively.
None of these analysistechniquestakeinto account the
influence of meteorological factors. In practical
application, thepower load dataitsalf isgreetly affected
by meteorological factors, and the fluctuation of the
sequenceitself isalso large, so the prediction accuracy
of random terms becomes a problem. In fact,
demondgtrated therandomnessof theitemdueto random
sequenceisformed by theinterference of meteorologica
factors, but eechmonth and thereisacertain correlaion
between meteorological factors therefore, canmakeuse
of Markov chain to describe a system, the random
change of it according to the state transition probability
between to goeculate thefuture development of asystem
change, therefore, Markov chainis suitableto describe
the prediction problemof randomvolatile.

Electric power load dataof the chaos cheracterigtics,
purerandomness and strict, so fromthe viewpoint of
stochastic processwith Markov chain model for data
processing canmake up for thelossof information.

MATHEMATICAL MODELS IN LOAD
FORECASTING

6.1 Markov chain

Markov chainisaspecia stochastic processwhich has
no aftereffect. This no-aftereffect is defined as: the
probabilistic property of the state of the processat .,
time + isonly related to the state of the processat time,
and hasnothing to do with the state of the processbefore
time. Time - discrete and state - discrete Markov
processes become Markov chains. Its mathematical
expressonis

Defined in the probability space of (z,r,p) the
random sequence on {x..teT}, including

Yidong Fang, Bowei Wu, Yuqing Huang, Shengbo Chen, Dongchu Zhao

T={01.2...... }, state space 1 ={.......}, called the
Markov chain. If for any postiveinteger |, m, k and any
nonnegativeinteger ji>jz>j1m > j), jmei jm> Jir - J2r
PX(M + k)= i ie| X amsiy=im> Kjp=ij,» )
X(ip=i; 3= PAX (M + k)= lpic| X (my=im)}
Weasestablished. If for any k, n e N+, which have
P, ;(n,k)="P,;(k), i» j=0,1,2, (2
Among which g ; (n, k) represents“the probability
that the state of the system at time » is; and that it is
transferred to state ; through i steps’, and 7 ; (k)
represents*” theprobability that it istransferred fromsate
to sate through steps’. Inthiscase, Markov chainis
said to be homogeneous.
In power load forecasting, set yex=[X @ (1), X ©
(2), ...X9(n)] for theload of theobservation sequence,
£O(1), £©(2),...2@(n)for observation sequence
smulationvalues, the vauereflectsthe change tendency
of the observation sequence. When k>n, £ (k) to
predict the true value. For an accord with the
characteristics of Markov chain are non-stationary
random sequence X ©, with m+1theparallel to thetrend
line 2 of the curve can be divided into m range,
representsakind of state of eachinterval. Itsarbitrary
state E, can be expressed as.
E; €[®1)s ®2jl» j=L12,..m (3
The @,;=3" + £, ;x"Y@,;= ¥ + £;;x"Ve,; and
£, constant for trandation, theregulating effect to the
interval. Becauses @ is the change over time, 0 @, ;
and &, also order at any time to change, namely E.
dynamic. The number of states »: can be determined
according to the specific research object and the
characterigticsof the origina data.

2.1 Fuzzy ordered clustering

Thepurposeof applying fuzzy ordered clustering method
istodividethevariationinterval of load on the basis of
fully considering the data structure of load sequence.

Let a category of variable x;, x,, ..., x,be
{x;» ..x;}, j=i, anditsmeanvector isdefined as:
- 1 j
Xij = i1 1=i X1 (4)
Thediameterof x;, ...x;}, j>i is:
D(i,j) = Xi_;(q — %) () — X)) (5

It representsthe difference between variableswithin
thevariable ssgment. The smaller o, jiis, thesmaller
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the difference between variables in this section is.
Conversdly, the greater the difference between varidbles
inthe paragraph.

Thenordered variablesaredivided into kcategories
PK):{ =1, o ip-1)s {igs oy 3=1)s g o

Theerror functiondefining thisclassficationis:

e[P(n, K)I=X= D(ij> ijsa-1) (6)

Calculate the curve of min{ P(n, K)]} and K, the
corner of the K valueisthe optimal classificationtree,
according to themin{ P(n, K)]} therecursonformulato
caculatethe corresponding optimd classfication criteria

In the ideal state, each kind of influence or
interference produces atype of load change, but the
actud stuatiionismore complex, such asthe power supply
sysemisregtricted by avariety of comprehensvefactors,
30 the smpledivision of the changeresult will increase
theerror rate. After theinitid valueisset, the algorithm
convergesand the clustering result isobtained.

Set the first k days of load and the load of
interpolationfor x k-1 day, clustering number isc, the
current clustering center, according

, N}

1
(||xi—mi||(2))

tot (xi)_Zﬁﬂ ( m ) (7
Themembershipdegreeiscaculated, andthe current
membership degree is used to update the clustering
centersaccording to formula(8).
X))
A AeOIE (8)
Accordingto Bayes principle, the sample sequence
isdivided into different class sequences, which meets
thefollowing conditions (X isthe sample space):
P(@)p(X|w;) > P(w)p(X|w;). (i # )
Becausewe retaking about Markov chains, then
P(w)=P(firs Pizs - Hin)=
P(uy) [k=2 P(.uikl.ui(k—l)) (10)
Judgethe category of thelast sampleof the sequence,
that is, the sample before the predictiontime, and get
the predicted value from the mathematical model
established by thiscategory.

(9)

EXAMPLEANALYSIS

Thefollowing isthe monthly electricity salesdata of a
regioninQinghai provinceto illusratetheMarkov chain's
prediction of power load. Figure 1isthedaily peak load
valuefor 20 consecutive daysin August. Therewasa
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jump onthe 7th day, indicating that therewasachange
in climatic factors on that day (in fact, there was a
rangormonthat day), and other conditionsweresmilar.
It can be seen that load changes can be divided into
various categories, and thereisindeed atrend for each
category to betransferred to other categories, whichis
determined by itstransfer probability.

On the day of the peak
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Fig.1 Thediagram of peak value of daily |oad
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Fig.2 Theresult of load change clustering

Ascan beseenfromfigure 2, thesamplesaredivided
into 6 categories, which basicaly represent the possible
changetrend. After clustering, the calculated sample of
Markov chain transition probability belongs to the
category with thelargest membership degree.

Inthe casethat the sampleisnot greatly disturbed,
the load value changes very little, so the probability of
caegory trander toitsdf isvery high. However, thiskind
of transfer can only provide repeated information, so
part of the samplesin this category should be deleted
when calculating thetransfer probability. The probahility
that asample belongsto acategory isset astheinverse
gquare of itsdistance fromthe center of that category.
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The effectsof different disturbancesontheload are
often the same, such asanincreasein temperature that
increasesthe load. And after heavy rain or the next day
after rain, theload dropsdramaticaly. Therefore, two
consecutive load differenceswere selected as samples
for clasgfication. After the calculation of al samples, the
error betweenthe actual value and the predicted value
isshownintablel.

Tab. 1 The error of power load forecasting in Aug. 2004. Qinghai
province

Date

The actual value Predictive value Error

2 3.274 3.121 4.67
8 3.556 3.518 1.07
10 3.247 3.163 2.59
15 3.565 3.523 1.18
17 3.474 3.456 0.52
20 3.899 3.952 -1.36
22 4.621 4.552 1.49
26 3.741 3.752 0.43

The resultsof the above numerical smulation are
showninfigure 3. According to theresultsintable1 and
figure 3, the prediction accuracy isbasically accurate.

Fig.3 The comparison between read value and forecasting
value, Aug 2004. Qinghai province

CORE ISSUES OF POWER
FORECASTING RESEARCH

What isthecore problemof power load forecasting?There
isno unified answer to thisquestionintheexisting literature,
and no authoritative explanation. I sit aprediction method
or amathematical model based onvarious mathemeatical
theories? Or optimization agorithms?After al, most of
theexisting academic research focusesonthesetwo fieds.
Unfortunately, both the current Stuation thet theoretical
researchisout of linewith the actud application, and the
embarrassing redlity that electric power predictionisled
by theactud load, al theseevidencestdl usthat thecurrent
research direction of electric power load predictionis
greatly biased.

So, what is the core problem of power load
forecasting research? Combined with the current

LOAD

Yidong Fang, Bowei Wu, Yuqing Huang, Shengbo Chen, Dongchu Zhao

research status, this bold proposal isthe power load,
this should be early research but long-term not enough
attentionto the object. It must be pointed out that the
study of the power load isnot confined to thedaily load
current, load, annual load historical dataanalysisand
curvefitting, andthe error andysis and datamining, need
further to develop inthe direction of segmentation, and
to establishalong-term continuoustracking was sudied
for the various influence factors and mechanism of
mechanism. Only to clear up we can see the history
behind the curveis composed, which segment content
clear how they are under the influence of the related
function, maybewe cantruly effective prediction method
is put forward, which can be put in more closeto the
real load mathematical model, and according to the
strength of the effect factors, speed, and proportion of
theory of complex method and the precise mathematical
model is simplified, practical, academic research to
practica goplicationof thetrandformeation of thetrangtion.

DISCUSSION ON FUTURE
FORECASTING RESEARCH

(1) changetheunderstanding and returnto the problem
itsdf
Theresearchof power load predictionistheresearch
of power load inthefind analysis Boththeproposa
of predictiontheory method and theconstruction of
specific modd dgorithm should comefromand serve
for these. Thereisno doubt that the fundamental
and the complexity of power load research, giant
quantificationisagreat challenge, the multi-factor
electricity monitoring information acquisition, time-
consuming tedious sample accumulation and huge
dataprocessng andyssproblemisobvious, but it
isthe nature of power load property, isalso adebt
load for many yearsresearchinthefield of history.

(2) predictionwork should be*more emphasison pre-
testing and lesstegting”

The essence of power load forecasting is still a
forecasting problem. The key problem to be solved
firstis"pre-forecasting”, whichisto judgethefuture
trend of change, including the overall trend and the
possibility of the development process under the
influenceof variousfactors. “Tex” istogivethefuture
load value, “light test” does not meanthat the load
vaueisnot important, but that theload value should

LOAD
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not be unique, static, should be based on the
judgment of thetrend of change on thebasis of the
continuous band load interval, and combined with
the trend of the development of the recommended
curve of the dynamic process.

(3) practica application of theoretical research should
be strengthened

Theresearchinthefield of power load prediction
should focusonthe practicdity. Unrealistic models
or overly complicated mathematica theorieswill not
help solvethe problem, and the academic attitude
of researchfor research’'ssakeisevenlessdesirable.
At present, the redlistic demand of power load
forecagting ismore and more urgent. Theapplication
fieldsof planning and design, operation scheduling
and power market transaction are eager to obtain
practical and effectiveforecasting tools.

(4) promotetheapplication of information technology

Power load prediction research isbound to face a
large number of datacollection, transmisson, Sorage,
extraction, analysisand decison-making, relying on
manpower to completetheefficiency islow, infact,
can not deal with. The application of information
technology meanscan greetly reducethedifficulty and
work intengty of data processing, and can also be
used to establishlong-term continuoustracking and
monitoring, to provide effective support for user
segmentation and classfication, influencing factors
sorting and mechanismresearch, so asto giveplay to
the advantages of rapid response to information
technology and grestly improveefficiency.

CONCLUSION

When short-termpower load changes, itisastationary
stochagtic process. How to comprehensively consider
variousfactorsinfluencing load changesisadifficult poirt.
After theload isaffected by weather factors, thereisa
certain change trend. Thetrend is classified by fuzzy
clustering method, and then markov chain is used to
predict. Theexperiment showsthat theerror rangeis
controlled within 5%, and the short-term power load
can be predicted accurately.

The general public and a host of other interested
partiesregarding the enactment of sustainableinitiatives
in corporations as they seek to make more informed
decisonsregarding sustainableinitiatives.
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