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INTRODUCTION

There are three most ilmportant steps in perfor-
ming digital signal processing for the purpose
of protective relaying. The first step assumes
definition of a mathematical model which gives
relation between the power line parameters and
currents and voltages, Given the discrete wmlues
of currents and veltages, as well as the mathe-
matical model, the second step can be performad
which provides sclution in the form of the line
parameters. Those parameters are further used
as an input to the tripping decisicn procndurf.
Fimally, the third step relates to the data
sampling. This sampling is performed on input
quantities of currents and voltages.

This paper is concerned with digital signal pro-
cossing errors related to each ef the mentioned

steps.

TRAMSHISSION LINF MODEL

The most accurate tranemigsion line model i8 gi-
wan by a well known partial differential equati-
on often called the Telegraphy Equation. However,
more practical model used in the protective re-
laying is a differential eguation model given
by:
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where: uft)-woltage at the begining of the line

iit)-current at the begining of the line

Order of the differential eguatien given by exp=
ression (1] depends on the nusber of the P1 seg-
ments used to represent the transmission line.
Coefficienta a, and by, are functions af the dis-
tributed parameters, the length of the scgments
dencted O&x, and the number of segments. This me-
ans that the coefficients depend on the length
of the line.
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Very common approach is to further simplify
expression (1) by approximating the transmi-
ssion line with cnly one segment and by neg-
lecting parameters c (capacitance) and g
[conductance) . In this case the following
equation is cbtained:
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where: R = px

l’e = 1lx

g = line resistance

= fault resistance
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Egquaticn (2) is further used to calculate pa-
Eameters H‘ and x.

Now, the first error analysis discussed in
this paper is related to the validity of ass-
umpticne that hold for equaticm (2}. It can be
shown that, for the leng transmission lines,
existance of the parallel capacitances makes
the time response of the line to appear to be
longer than if there were only the inductan-
ces considered. This further means that an a-
ccurate representaticn of a long transmission
line uning only one Eegment causes a virtual
enlargement of the parameter 1. The following
analysis can be performed to prove the above
statement .

If an asgumption is made that the impedance
of the transmission line, represented with k
seoments i6 denoted I, (8], then recursive re-
lations for coefficients aj and b (eoeffici-
ents of the polinomials in the nominator and
denominator of ‘kkl:lbislch are at the same ti-
me coefficienta in eg(l)) can be caleculatad.
Those relations can be further used to derive
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If it is taken that k—= for a fixed length of
a line, then the following coefficionts ol the
infinite order differential eguation can be

derived:

a closed form of coefficients n;, b

i3]

1f the product -'kqﬂq is very small then the co-
efficients are: ¥

a = h, + B [a

It 18 ipteresting te note that coefficients a
and b, are the same as the corresponding coe-
fficients given in tha eguation (2) which is
derived for one segment situation. On the ot-
her hand, wvalua of ay is biger thaa the valus
of L, which is what was stated at the begining
of this discussion. It is important to note that
if the transmission lime £8 long encugh, than the
mentionad error p:rq:tnr_':.n the model given by
aguation {2} can be as high as 5-10% which is
an error that can not be neglected.

PARAMETER ESTTIMATION ERROR

In order to determine parameters of equation (2}
it ia needed to intreoduce an error function B0
that the following exprescion is abtaimed:

dilt
wte)= (R +Rgh i ey +r, Siltlae 1) (5

where et} stands for measurement &rror and mo-

del simplification.

The following discussicn is related to analy-
sis of the methods avallable [or obtalning
the egquation parameters and at the same time
minimizing the error function.

Host common method that can be used to solve
the egquation (5] i8 the integration method.

If it is assumed, that the moment t, 18 the
time when value for X 46 to be estimated, then
by multiplying the eguatisn (5) with a func-
tion wit), and by integrating in the time Lln-
terval (t,-&T, ), the following algebraic
aguation can be obtalned:

T =w (T + 1Ty o JHRT +T 13

where;

Ex
a0 uitiwitlét
4T

» guie)
Jyemdity dwity -1 {thd]“tk_”_ti'{.'r”t: rTy

-
iitywitidt, .'.I. - _I‘k @it)wlehde

tk
= I
tl =&aT

ty- AT
Bow, let us select functien wit) in such a
way to minimize influence of the error fumc-
tion alE).
1f the expression for uit] is giwven by:

ult) = Cwit) + Li(E) {7}

then it is usually reguired that expression:
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has a minimal walue and this is a condition
for determination of the coefficient C. Ik is
gapy to conclude that L‘-..'Iu if the following
holds:
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which does not viclate the generality of com-
siderations. Obviously, it is desirable that J"
ie small compared to "11.1' Ji and Jj_n-



This is possible if @(t) is orthogonal with
Wit} im the given time interval. Also, wii)
should bo similar in shape te the current, da—
rivative of current and voltage signals. The-
rafore, the above conditlons are required in
order ko minimize the influence of the error
function eit) and the above discussion wag
aimed toward derivation of those conditions.

Further more, function wit) can also be for-
med by using a delayed signal of woltage or
current. I1f the interpretation given above

is used it is clear that wit) can be eelected
in the given way bacause there exists a si=
milarity in the shape between functions uit),
iit) and derivative of i(t) and their delayed
values. Of course it Ls assumed that the da-
lay is taken in suwch a way to support this si-
milarity. In this case coefficients of tha al-
gebraic equaticn are dermined by a correlation
Function.

SAMPLING RATE -

The well known Nyquist sampling thecorem states
that a gignal can be reconstructed from its
samples if the time between samples is Lenfu,
whare &_ 18 the highest frequency in the sig-
nal. Eguation that is used for reconstruction
of the signal is given by:

e
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As it can be cbserved, in erder to regonBtruct
a4 signal it is needed to have all of the signal
samplées from -= go =,

¢n the orther hand, in rost of the digital re-
laying algerithms it is needed to caleulate in—
tegral of the following typo:

by
f oyitdwithde (11}
tl_'-n'i',t

The question that is further considered in thie
section can be stated in the fal lowing way: is
the sampling thesrem sufficient condition which
would enable caleulation of the integqrale given
by (11) with minimal errors? Further discussion
gives considerations of tha sampl ing error which
is relevant to the stated guestion.

If either voltage or current signal is given
by yicd and if the following holds:
zit)=yitlwit}, wit)=0 (3 t.l__—.'lt-

st (12}
yiljul=0, |I~'I2uc

then caleulation of tha integral of zit) from
the samples may be considered as a reconstruc-
tien of the signal z(t) from it“s samplaes.

Fourier transform of 2(t) is egual to:

E(jw) = Lllio) "W (fu (13)
ar

where: *-comnvelution

It can be observed that spectrum of Z(jw) can
not be bounded in the freguency domain. Howe-
ver, spectrum of ¥it) can be bounded if it pa-
eses through an antialiasing filter. Since the
wit] 1s time bounded it can not have Lts fre-
quency spectrum bounded. Therefore, conveluti-
on of the frequency bounded and frequency un-
bounded spectrum gives freguency unbounded spe-
ctrum. Hence, it 15 needed to investigate spe-
ctrum of I{ju) in order to find its practical
width u_ and accordingly to determine the sam=
Fling freguency which will be higher than the
cne determined by the Nygulst theorem.

Furthermore, it can be observed that the shape
of the time bounded function wit) is important
since it influences width of its freguency spe-
ctrum. It can be also seen that it is better if
wit] has a gradual slepes on the sides, i.e. in
points t, and £y =iT.

1t is particurlarly convinient if wit) is of
the following shape:

\-'H‘.]-i'l.lt."—l‘.:l 1143

since the shape of wit]) in this case is the
same all the time in the window, It is also
conviniant Bince the integral in that case can
be ocbtained by the means of digital filtering.



CONCLUSICNS

Discuesions given in this papor aré related to
the analysis of various error SQUrcecs present
in the digital precassing methode used for dis-
tance protection parametér astimation. It can
be concluded that selection of the appropriate
Transmission Line Model 18 very important sin-
ce an inﬂdg:q““ cheiee can be a cause of sig=
nificant error.

criteria for selection of functien wit), used
to multiply the model egquatisns in order to
obtain a solutien using the integration method,
is also a critical step as far as the error a-
nalysis is goncerned. Furthar investigation of
this problem would help better understanding
and controling of yet another significant so-
uree of the digital processing errors present
in numerical distance protection parameter
estimation.

Finally, special attention should be given to
the analysis of the sampling error slnce it is

belived that classical interpretations of
this problem are not sufficient to properly
define required antialiasing filtering cha-
racteriatics.
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