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Abstract 

» The objective of this paper is to present a method of 
load demand prediction as an aid to electric power systems monitor. 
ing with reduced computational task requirements. 

Demand is treated as a time series, and a fixed-lag 
smoothing is used in conjunction with two-stage estimation con 
cept in order to estimate both demand and model parameters simul 
taneously. 

Starting from initial conditions the estimator is self 
recursive. The only inputs it requires to describe load demand, 
at each load point in discrete time condition and one step ahead 
of the present time reference, are the instant demand measure 
ments. 

) 

Performance of the adopted model was obtained by running 
the correspondent computer program for realistic load data. 

Though an attempt has been made to scan automatically and 
a step ahead of real time the evolution process of load demand 
curves, the results apply to any other process provided no sudden 
variations from instant to instant occur. 

1. INTRODUCTION 

Due to the complexity, extention and interconnection of 
electric power systems found nowadays it has proved necessary the 
use of increasingly more sofisticated control and monitoring pro 
cedures. Under such circunstances, short term load demand plays 
an important role which is regarded basically as the prediction of 
load demand variations within intervals of time ranging from 5 mi 
nutes to 2 hours. Those predictions can be applied to optimal load 
ordering, adequate spinning reserve planning, and to systems se 
curity monitoring. 

In 1970, Toyoda et a1. ['] proposed the first model for 
short term load demand prediction in electric power systems which 
employed the state estimation approach. Using state variables re 
presentation others techniques have been proposed subsequently. 
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Among the researchers the Kalman filtering and prediction 
rithm [] seems to be the most popular choice. 

algo 

) 

A look over available data published reveals approaches 
to the problem of load prediction where load demand on each 
1oading point of the system is treated individually [?], [], [?l, 
while in other cases the loading points are treated jointly [?], 
[']. Models exist in which load demand at certain instant is pre 
dieted based on the previous knowledge of load demand only at an 
instant just before that f?-°], ["]. There are also models in 
which several past instants are taken into account on describing 
future load demand behavior []. The article presented herein 
attempts, according to Duarte [], to built a generalized model 
that gathers and complements ideas usually scattered throughout 
existing published literature. Also, the article shows particula 
rities of the model resulting from tests based on realistic load 
data aiming to establishing a more adequate dynamic model for 
load demand prediction in the entire electric power system at 
intervals of either 5 or 10 minutes. 

For the purpose of reducing computational requirements, 
an adaptive filtering technique is used to yield estimation of 
system states and parameters of the model. This two-stage filter 
ing technique avoids the problem of non-linear estimation in si 
multaneous state and parameters estimation process. Available non 
-linear estimation algorithms besides requiring more computational 
resources not always converge or give consistent estimates as 
shown by Jazinski [?]. 

2. SYSTEM MODELING 

In order to work out the model for the dynamics of the 
s y s tem , let t h e 1 o ad d em an d a t t he i - t h 1 o ad i n g p oin t an d at (k+ l) 
t h instant be described as a linear combination of demands in all 
the points at several instants before. Thus, for a system with n 
loading points: 

(i) n "a (i) n 

"a • (i) 
X = I k ,J xk + I k 1,J .-1 + ••• + 
k+l j=1 j=1 

n 

G • 
+ I (i) k =0, 1, 2, (2-1) 
j=1 

k 1,J k-N 

The aim is to associate future behavior of load demand 
with its recent past. From this assessment, and taking into 
account flutuations that are inherent to load demand, besides the 
faet that load demand is observed (measured) in some loading 
points, a dynamic linear model which is discrete, stochastic, and 
that describes load demand evolution for all the electric power 
system can be built as: 

o) a) ) - F. ' -1...° u u-" (2-2) 
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k = 0, 1, (2-3) 

(o) (a) 
where F > F, · . . . , are unknown state transition matrices 

whose parameters are to be estimated in accordance with methodolo 
gy shown in Section 3. The (N+l) order of equation (2-2) is a 
value that remains to be searched for, as commented in Section 4. 
The n-dimensional vector W allows for uncertainties in the pro 
cess. The r-dimensional vectors (r < n) z and V, represent the 

series of observations at some loading points and uncertainties 
of such observations, respectively. H is an (r xn) observation ma 
trix that is known and has constant elements. It is also assumed 
that: 

) 
a) ·?  0, cov8.. w.) = % 9 J ,2 = 0, cov,· v.) = Rk ókj J 

cov8.> v.) = 0 ; bv, J J 

b) cov(x . ' ·? = 0, cov(x . ' e = 0; j = o, 1, ... ' N, k =0, 1, ... -y -j 

and that initial state values are known, that is, 

E(x .) = x ., cov(x , x )= 2. ; 
- J - J - J -m J , m 

J, m = 0, 1, ·, N 

The covariance matrices of uncertainties in the process 
and observations, , and l,, respectively, are estimated accord 
ing to criteria established in Section 3. 

) 3. MODEL PARAMETERS ESTIMATION 

Evidence shows that in order to account for load demand 
variations within a time interval of 24 hours, the elements of 
t he ma t rices F ~ m) , m = O , • . . , N, s h o u 1 d a s s um e d i ffe r en t va 1 u es for 

different instants of the period. To start with, however, it is 
valid as a first approximation, to assume that transition matrix 
parameters suffer only slight variations from instant to instant. 

(m) : (c 1) ? The elements of ,, , m=0,...,N, can be put together inan .N+ n 
ti dimension vector following the equation below: 

(3-1) 

with 

J a) (a) (N) (N) ,5T a,)f, a,1)...f. (,)...f a,1)...f a,9] 
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and let w be used to account for slight variations in the para 

meters. W is a stochastic white sequence with zero mean value 
and covariance Q. 

Equation (2-3) can be rewritten as a function of O as 
follows: 

) k .< a °' "o (3-2) 

where 

I 
! 

3 

and ", = H w,, ', is a stochastic white sequence with 
mean an covariance: 

zero 

T 
, - @, ' ,1 

Since ,· we can rewrite equation (3-2) as: 
k k 

• %' 
Thus, the systems describing the evolution of both load 
and parameters become, respectively: 

N (·) 
+1 = I , u-m + wk 

mn =O 

s :  = H xk + " 
u+1 = % + " ,'< s : 

3k * 
zk = , % + " 

demand 

(3-3) 

(3-4) 



Algorithms performing prediction of discrete systems with 
several time delays ["] can now be applied to S and $. The re 
sulting equations are detailed hereafter: 

System S 
N 

I 
m=0 

• = $, , 4m) -o, ,N 
-m] 'k-m'k-1 [-> m,..., 

"[u-1- êu-1 

e- ·, 'e,,te, +' ·s,' k k-m,k]k-1 

) 

j=0,...N 

] = 
k-m,k+l[k 

hu»,e1lu 

P = P 
k-m,k-j[k k-m, k-j[k-1 

- ) 
" k,k-j/-1i m, 

N 
T r GT 

k-m,k-j]k k j=0 
N 
j m) + o 

k-m,k+l[k 'i m=0 

k = 0, 1, 2, ... 

with initial conditions: 

) t 

0, N X 
l-1 

= X J  ... , -1 -J 
p 
- j , -m I 1 = 2 J , m = 0, . . . ' N 

J, m 
)t 

System s 

%..,-7 
%- 

; 
+ K 
' k[-1 

* * 
"«le-1° ,Cf«-1 

(3-5) 

(3-6) 

(3-7) 

(3-8) 

(3-9) 

(3-10) 

(3-11) 

k k k 

"cont 7 "0 & 

(3-12) 

(3-13) 

(3-14) 

(3-15) 

(3-16) 
-) 

h -NO Mr r' 
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,~ 3 ";~ * te = (I - Kk O ht«-1 
k = o, 1, 

with initial conditions: 

o1-1 = 80 
$ * 
%1-1  cov@» %0 : % 

(3-17) 

Notice that the state estimation algorithm (equation (3 
5) to (3-11)) .needs to be fed on results from parameters estima 
tor algorithm (equations (3-12) to (3-17)) and vice versa in the 
following sequence: 

a) calculate n 
2) si1a r,"; a - 0, ..., N, using Gp 
3) calculate ne -le' '··· -N[ 

$ 

(4) Build I,> using =hi m = 0, ..., N 

(S) Calculate +1/+1 
(6) 

) 

that is, estimation is carried out in 2 stages: S uses nomina! 
1 e . -/( 

va ues of while S uses state values x. In terms of structure, 
is a particular case of S(N=O), and its predictor algorithm is an 
ordinary Kalman filter. 

k 
Matrices and Q,, should be specified at every moment. 

, and Q, can be regarded is measurements of dispersion error as 
applied to the prediction at instant k using parameters of tran 
sition matrices. These matrices are the ones that make state tran 
sition parameters fit into distinct regions of load demand curves, 
so they are expected to be sensitive to model performance at each 
instant. It is suggested from analysis of experimental results 
that: 

-- - -- 'T tu-)tu et-1 
T - q-Wt- %f 

(3-18) 

(3-19) 

) 

Accordingly, l, ls a measure of dispersion error between observa 
tion and estimation of the state. Under the condition that 
parameter variations occur slowly and from experimental results 
it is suggested that: 

(3-20) 

I 

. . - . . . . ... . ... -~ .. . . . . . -- . . , . . - . . . . . . . •,'\ ,. 
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4. REAL SYSTEM APPLICATION 

CEMIG's system southern portion has been chosen for the 
purpose of testing the algorithms suggested herein. For such a 
test system, total demand measurements were taken from active 
power data for 3 loading points as shown in Figure l, at intervals 
of ' minute on one Wednesday. Predictions for such load demands 
have been obtained by running multiple order two-stage estimator 
programs written in FORTRAN language in a B6700 computer. 

c 

) z FE • a 
Camarg03 

P. Fundc 

Figure l - Test system 

(1) 

(2) 

) 

From results obtained it is important to notice that: 

In order to assume satisfactory model performance, it is 
cessary to install demand measuring instruments at 
loading points of significant importance for the system 
which monitoring is desired. (H equals to identity matrix 
equation (2-3). 

It is not convenient to perform simultaneous 
(vectorial models) since they lead to unnecessary 
tional efforts. 

ne 
all 
for 
1n 

predictions 
computa- 

(3) Second order scalar model (N=l in equation (2-2)) is the most 
adequated one, regarding information availabilityandversatility 
of state transition parameters in fitting accordingly to 
different situations of a load demand curve. Load demand pre 
dictions by such a model can be made sequentially for a 
reasonable number of loading points with no limitation resul 
ting from it, being imposed on memory or processing time, 
when one wishes to perform real time monitoring of the entire 
system. é 

Figure 2 shows the results of load prediction for 
point A of the test system. 

loading 

5. CONCLUSIONS 

) 

It has been presented a model in the space state repre 
sentation, which is dynamic, linear, with (N+l) time delays, to 
be used in describing load demand one step ahead to present time 
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at all loading points of an electric power system. Equations (3-5) 
to (3-11), (3-12) to (3-17), (3-1O), (3-19) and (3-2O) form a set 
of algorithms that characterise load demand estimates using 1st 
and 2nd order statistical moments. Starting from initial condi 
tions that are imposed on the system, the estimators are auto- 
recursive and need only be fed on load demand measurements at 
each instant. Experimental results indicate that the scalar 2nd 
order (N=l) model is the most suitable for "in advance' tracking 
load demand curves. 

) 

0ne of the assumptions leading to the development of the 
predictor model has been to consider the temporal evolution of 
the load demand as a result of slow changes occuring from time to 
time. It is clear that results are applicable to any other proc 
ess, provided that it follows the same steady state pattern of 
variations. 
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Figure 2 - Prediction of-loading point A 
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