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Abstract: The possibility to use the Curve Fitting Algorithm
(CFA), for the Power Quality (PQ) parameters vahrat
foreseen by the EN 50160 Rule,
frequency determination. The comparison betweerdabp
algorithm performance in the frequency determimatind
the thrown one, using a Taylor Series, truncatetims of
foreseen uncertainty, is presented.
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1. INTRODUCTION

Although on the subject of Power Quality there are

innumerable contributions by the scientific comityrthe
definition of the power quality parameters hasréeb still
completed [1,2,3,4]. The ideal sine wave, that khde
present in a electrical network, is normally macetifi by
many corrupting factors [5,11], for instance:

Disturbances;
Unbalance;
Distortions;

Voltage fluctuations;
Voltage flicker;

The effects of these deviations can be sometimes ve
dangerous for the electrical systems connected hio t
electrical net, so it became important to studymth&o
quantify these effects, the study of the Power Qual
parameters is necessary.

The technique to verify Power Quality voltage
parameters we consider in this paper is the Cuittigd-
Algorithm [5,6,7,8,9,10,11] that uses least squareor
estimation to find the magnitude and phase of figaas
frequencies with respect to a time observation wind

Curve fitting measures the sum of squared of residu
values between the wave form under observation thad
fitted curve. By an iterative algorithm, the CFAnimized
this residual obtaining the least squared error anod
selecting the best fit curve for the examining waxm and
consequently its amplitude and phase.

Least squares curve fitting has both computati@mal
theoretical advantages once correctly determinedgugncy
of the signal in the observation window.

The frequency valuation in Power Quality is theibas
for all parameters evaluation foreseen by the EN680

is faced in terms oRule.

The Curve Fitting Algorithm is a particularly prosimg
one, allowing the complete set calculation of parers
defined by the Rule, in PQ.

The value of the frequency is the basic input foe t
calculation in the CFA, that can be initially sugpd be the
nominal one forecast by the Rule.

The real value must be valued only by a series of
successive adjustment that require a loop normilty
length to allow the real time operations.

2. CURVE-FITTING-ALGORITHM

The well known best-fit procedure based on Langeang
Multipliers, operates on the:

o= [y

where they(t) is the signal in the time window.OT, a and
£ are the sinusoidal and cosinusoidal components tha
represent the better choice yft) at the nominal angular
frequencyw

From the (1) it is possible to determine the refadi
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The (2) generate the algebraic system
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The amplitudeA and the phase of the sinusoid, in the
time window, with respect to the and f parameters are
expressed by the relation :

asin(at) + fcodat) = Asin(at + @) )
expressly linked each other by the
a’+ p? (6)
and by the
¢= arctang (7)

In the real applications the integrals that appeahe
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In the (10c), will be considered the substitutioh o

integrals that involve the(t), practically sampled afg
frequency, in generalized form, with the same abersition

about the accuracies.
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Actually in (10¢)j=1

The values ofw, and w must be compatible in the
limit of the computing accuracy.

The more natural way to obtain this result, isépeat
recursively the calculation that means normallgsifive to
thirteen time, in the Power Quality applications.

2.2 The Taylor Series approach

Starting from (13a) formula that furnishes thg,, we
can consider that th&dlum and the Den re-valuation,

(4a,b) are valued through a sampling process sb aha starting from the respective derivative, to obtirectly:

substitution is operated as:
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being fs the sampling frequency.
The (8) causes two uncertainties in the
calculation
«the chosen method to approach the integral value
«the sensibility, in number of bits, of the anala@dito-
numerical conversion
that can be considered at the right moment.

2.1 The frequency compatibility

Operating as ther and parameters, is possible to valuate

integral
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calc

In (13) Awrepresents the adjustment to the difference
between @, and « obtaining directly, thedw from the
nominal angular frequencs

The estimate oBw is possible only limiting the upper
value of the summation @in (12).
The determination is the solution of algebraic diqua
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the w4 that can be supported by the best-fit procedure itwith

front of the nominal angular frequeneay
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Resolving with respect ta) it is possible to obtain:
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2.3 The Num and Den successive derivative

The NumandDen are functions of integrals calculated
from the generic forms
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Considering the general derivative with respectutof and, for the first derivative, it is possible toiterthe next:
relations reported in are
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it is easy to verify that we are in front of reduesrelations
all based on the (15) relations that make very Enthe  For the subsequent derivative, the value is sitgiland

software. easy to find. Considering, in the previous, therchi
2.4 The Taylor Seriestruncation accuracy g:g\ﬁ:ii;/ee.s, calculated with respectdoandé, equals, we
The choice of a value df, involves the valuation of '
truncation error of (15) that can be written as 09+ {Nuﬁ(w)}+ 39 [ Nun{w)
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beingRNum andRDen convergence ranges of the Tay|or Seriessubs.tituting the prEViOUS rellat.ion in the derivatiwith
in which NumandDenare expressed, considered as relativenferior order in the (25), it is possible to ofstathe

uncertainties. derivative with n+1 order. The ratio between th#edent
Starting from the generic Schlémilch expression: orders derivatives is:
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knowing that, it is possible to have information thfe o
uncertainty with an arbitrary p and where thevalue  So the value of Rw) is given by:
depends by p becausg(®) have to assume always the same |
value. Choosing p = 1, for the Cauchy form and rénm RgNm(w+Aw):Aw(gg'+l) (28)
tbheecg‘mdegpendence in the intervab- wtdow the previous o {Nun(w)}m . {Nun(w)} 91 pgee [N“”{“’)}aw . {Nun{w)}
: 00™ | Den(w) 00**? | Der(w) 0072 | Den(w) 00°** | Den(w)
8% [Nun(¢) e }
dw-&)° 90" | D 90| D
5w(w+ E) aa)g*l{Der(f) (20) [ er(a))i| [ er(f’-’)i|

Ry, (@+ &)= o .
o gt Determination of convergence ranges is relatetigaspper

bound valuation of Schlémilch inequality that figheés:

Deriving the previous with respegtvariable, we obtain the
maximum value:
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To valuate the derivative’s values we can use thieviing The accuracy related to the integrals is normally
approximation always true in the interdad: negligible in both the cases, being of the ordefewf tens
of ppm.
(w+ S~ &) = dw-(§ - w) (23) For the integral’s uncertainty it is possible te §&2].

So we can write:
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3. SOFTWARE CONSIDERATIONS

a)) The modularity identified in the frequency
(24)  determination of CFA using the Taylor series
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