R aNe)

European Association for the
Development of Renewable Energies,
Environment and Power Quality

International Conference on Renewable EnergiesPameer

Quality ICREPQ'09)

Valencia (Spain), 15th to 17th April, 2009

An estimation and synchronization method based on aew modeling approach
of power electrical signals

G. Fedele, C. Picardi and D. Sgro

Department of Electronics, Computer and Systemr8eie
University of Calabria
Via Pietro Bucci 42C - 87036 Rende (Italy)
Phone number:+39 984 494719, e-méddele @si.deis.unical.it picardi@deis.unical.it, dsgro@deis.unical.it

1. Introduction

Distributed generation (DG) systems are becomingemo
common as a result of the increased demand for
electricity and the requirement to reduce the irhpac

the environment from traditional fossil and nuclear
sources of power production.

DG systems are relatively small and many of therkema
use of renewable energy such as photovoltaic, dei|
microturbine or small wind power. They have a reeer
power flow capability and operate in parallel wittility

grid by means of intelligent power interfaces. Tloerect
operation of these interfaces (very often grid-cmed
inverters) is assured by information about freqyenc
phase and amplitude of the utility voltage and enotrr
Moreover, an accurate and fast detection of thevabo
guantities is also one of the most important issues
regarding the development of power conditioning
equipments such as Uninterrupted Power Systems and
Series or Shunt Compensators (SC).

On the other hand, especially considering the dgpat
SCs and DG systems to operate services as power
management or voltage control at distribution leeele

can easily understand the importance of developawg
approaches able to represent grid voltages ancrusrr
both in the steady state conditions as well ashia t
transient ones.

For this reason, the authors have recently presenteew
modeling approach for power electrical signals.

The approach is based on the concept of second-orde
contact between two curves in the differential getign
leading to the definition of the osculating ciraé a
curve at a point.

In a similar way, it is possible to define as “dstimg
sinusoid” of a generic signay t at instantty a special
sinusoid, of angular frequencyy, phase /o and
amplitudeVy, satisfying suitable conditions.

Denoting ¢g(tg)=wugt+/o, the parameters of this
“osculating sinusoid” can be obtained by the following
relationships:

o = |y (t0)/ W(to), (1)
g(to) =arctg[ uo Y(to )/ y(to) | )
Vo = \/[Y(to )2 +[y(l)(t0 )/ %]2. €)

Because in some istants the quotient included in (ill) is
defined due to an indetermination of the form 0/0, it can
be convenient to use a computation algorithm based on
the knowledge also of the third order derivative of the
signal at instantg .

2. A New Algorithm for Noisy Signals

A problem in applying the above modeling approach is
actually due to the fact that the equations used to
determine the parameters of the “osculating sinusoid”,
require the knowledge of the signayt and its
derivatives up to third order for every instant of time
Indeed, it is known that the measure of an electrical
signal contains at least the acquisition noise.

With the aim of overcoming this problem, this paper
proposes a new computation algorithm, which takes into
account the presence of noise on signal. Consequently,
this algorithm, applied to the modeling approach of the
power electrical signals, allows to obtain a method
providing a fast and accurate estimation of the frequency,
phase and amplitude for noisy signals.

Assuming the real noisy signal agt)=y(t)+n(t),
where n(t) is an unstructured perturbation andt is

the noise-free signal, the proposed algorithm is divided in
three steps:

Step 1 estimation of the angular frequency

‘ © [(T-z‘)z-4(T-z‘)t+z‘2]r(z‘)dt‘
wg, = 24— ‘ (4)
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whereT is the size of sliding estimation window.

Step 2 estimation of the angle phase

e(to ) = arctg] upe Ye(to )/ Y& (t0) 1, (5)

where yg to and yel tg denote the estimations of
the noise-free signal and its first derivative respebt at

instantty and they are obtained by:
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aq(t)=3(T-t)2-6(T-t)+t2,
p(t)=2(T-1)3- 14T - £)2t +1AT-¢t)t?%-¢3

Step 2 estimation of the amplitude

Voo = lve(to)] 2 +[yél’(to )/ m)e]z 8)

3. Simulation experiments

In order to explain the performances of the proposed
method both during stationary and transient conditions,
some significant numerical experiments have been
effected. In these experiments the noise level measured
by the Signal to Noise Ratio in dB i.e.:

ly(t P

SNR= 10|Og]_0 >
In(t; )|

has been taken equal46 dB a sizeT = 2x103
2000samples has been chosen.

The first experiment allows to evaluate the perfanoes

of the angular frequency estimation obtained by. (4)
Actually, the quantity foe = uge/2p has been taken into

account; therefore, an abrupt change of the fregyuen

the signal, fronb0to 51 Hz has been considered.

Fig. 2 shows the frequency variation (in blue) ahd

estimation obtained by the proposed method (in. read)
it is evident, after the step variation, the carneslue of

the frequency is estimated in less than an halfhef
signal period.

In order to highlight the performance of the metlaxd
regards its ability to provide a good synchronizatithe

second experiment considers a ramp variation $0rkiz

to 60 Hz for the frequency of the signal.

Fig. 3 shows as the estimation of the angle plafisg is

accurate and there is always synchronization betwre
estimated angle phase (in red) and the real signal
blue), also when the frequency is gradually chamngin

s, with

Fig. 2. Frequency estimation
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Fig. 3. Angle phase estimation

The third simulation experiment aims to highliglie t
ability of the proposed method to provide a correct
estimation of all the signal parameters. Therefdinés
experiment considers a variation of the signal éwomté
which goes fron¥ to 5 Volt and lasts abo®0 ms

Fig. 4 shows again the comparison between reabkign
(in blue) and the estimated angle phase (in red)adso
that between the real signal amplitude variatiorgtieen)
and its estimation (in black). The figure highlighte
good estimation of the signal amplitude ofedi also
during the transient condition considered, withimsing
synchronization between the estimation of the angle
phaseq(t ) and the real signal.
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Fig. 4. Angle phase and amplitude estimations



