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a b s t r a c t

This paper presents a modified adaptive linear neuron (ADALINE) structure, called self-syn-
chronized adaptive linear neuron (S-ADALINE) network for fast and accurate estimation of
power system harmonics. The proposed network relies on the Levenberg gradient descent
(LGD) method based parameter updating rule and is capable of dealing with both nominal
and off-nominal frequency conditions, rather than the existing modified Widrow–Hoff
delta rule based ADALINE network which provides good accuracy only at nominal fre-
quency. Moreover, the S-ADALINE provides faster response and better noise immunity than
the conventional approach. The only flaw of the proposed network is its high computa-
tional load. Based on simulation studies, performances of the proposed harmonic estimator
at different operating conditions have been presented and its accuracy and response time
have been compared with the conventional ADALINE structure.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

The increasing utilization of non-linear and sensitive
loads, for instance the power supplies in computers, com-
munications and consumer electronics, leads to gradual
deterioration of electric power quality. Estimation of the
harmonic components is a standard approach for the
assessment of this power quality problem.

Among various harmonic spectral analysis algorithms,
the discrete Fourier transform (DFT) is the most commonly
used technique [1]. However, in applying the DFT the phe-
nomena of aliasing, leakage and picketfence effects may
lead to inaccurate estimation [2]. Moreover, it has limita-
tion in detecting short term time-varying signals. Although
the short-time Fourier transform (STFT) is introduced to
analyze non-stationary power system signals, the prob-
lems inherited from the DFT still cannot be improved effec-
tively [3]. To overcome this problem, the discrete wavelet

transforms (DWT) based power components estimation
algorithm has been presented in [4]. But, slow attenuation
of quadrature mirror filter banks (QMF) and the overlay of
the pass bands of different levels, strongly influence the
frequency decomposition of the DWT and introduce signif-
icant error. Moreover, it is often difficult to extract the fun-
damental or any other single harmonic component of the
signal using this method. Kalman filter [5], Newton type
algorithm [6] and time domain techniques [7] are exam-
ples of some well known alternative approaches. However,
for real-time use these methods have trade-off between
accuracy and speed. The search for more accurate, compu-
tationally simple and robust algorithm still continues.

In recent years, the adaptive linear neuron (ADALINE)
structure have attracted much attention and have been
widely used as harmonic estimator due to their simple
structure and non-stationary signal parameter tracking
capability. Dash et al. [8] first utilize ADALINE network
for on-line tracking of power system harmonics. After that,
various modifications in weight updating rule [9–11] or
internal structure [12–14] have been proposed to improve
accuracy and response time. However, estimation results
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of all these methods have been significantly deteriorated at
off-nominal frequency conditions. Although the frequency
deviation is considered in [15–17], the on-line application
of these methods is restricted due to computational com-
plexity or convergence problem.

In this paper, a modified ADALINE structure has been
proposed in which the fundamental frequency has been
treated as an unknown parameter and simultaneously esti-
mates it with the tracking of the harmonic components. To
improve the accuracy and response time of the proposed
method, instead of conventional improved Widrow–Hoff
rule, Levenberg–Marquardt method has been utilized for
parameter up-gradation. The resulting ADALINE structure,
called self-synchronized adaptive linear neuron (S-ADA-
LINE) network, is system frequency insensitive and pro-
vides better accuracy and faster response time than the
conventional ADALINE structure. The presented simulation
results confirmed these facts.

2. Harmonic detection with the conventional ADALINE
networks

If, the discrete time input signal y[n] with the funda-
mental angular frequency xr contains a finite number of
significant harmonics with maximum order M, then at
any sample instant n, it may be represented by the Fourier
series of the form [8–11]

y½n� ¼
XM

k¼1

Yk sinðkxrnþ akÞ

¼
XM

k¼1

Yk sinðkxrnÞ cos ak þ
XM

k¼1

Yk cosðkxrnÞ sin ak

¼
XM

k¼1

Ak sinðkxrnÞ þ
XM

k¼1

Bk cosðkxrnÞ ð1Þ

where Yk and ak are the amplitudes and phase angles of kth
harmonic, respectively, Ak = Yk cos ak, and Bk = Yk sin ak.

Rearrangement of (1) in a matrix form gives:

y½n� ¼ ðW½n�ÞT x½n� ð2Þ

where

W½n� ¼ ½A1 B1 A2 B2 � � � AM BM�T ð3Þ

and

x½n� ¼ ½sinxrn cos xrn sin 2xrn cos 2xrn

� � � sin Mxrn cos Mxrn�T ð4Þ

T indicates transpose of a vector quantity. If xr is known a
priori, the conventional ADALINE network can be utilized
to track the unknown parameters W[n] from known values
of time varying connection matrix x[n].

The general architecture of the conventional ADALINE
network for harmonic estimation has been presented in
Fig. 1 [8–11]. The known input vector x[n], at any sample
instant n, is multiplied by the adjustable weighting vector
WA[n] = [G1 H2 � � � GM HM]T, and then summed to produce
the estimated signal ŷ½n�. Hence

ŷ½n� ¼
XM

k¼1

Gk sinðkxrnÞ þ Hk cosðkxrnÞ ¼ ðWA½n�ÞT x½n� ð5Þ

The error signal e[n] is the difference between the de-
sired signal y[n] and the estimated signal ŷ½n�, and can be
expressed as:

e½n� ¼ y½n� � ŷ½n�

¼ y½n� �
XM

k¼1

Gk sinðkxrnÞ þ Hk cosðkxrnÞ

¼ y½n� � ðWA½n�ÞT x½n� ð6Þ

After the initial random estimation, an adaptive algo-
rithm updates the weight vector WA[n] of the conventional
ADALINE network so that the output ŷ½n� ultimately
reaches to the desired signal y[n]. The conventional steep-
est descent method based weight up-gradation rule, also
known as modified Widrow–Hoff delta rule, is given by
[8–11]

WA½nþ 1� ¼WA½n� þ
gwhe½n�p½n�
ðx½n�ÞT p½n�

ð7Þ

where gwh is the learning parameter and p[n] = sgn(x[n]).
After the tracking error e[n] converges to zero or a pre-

defined value, WA �W, and the amplitude and phase of kth
harmonic is estimated as [8–11]

SN ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
W2

Að2k� 1Þ þW2
Að2kÞ

q
ð8Þ

aN ¼ tan�1 WAð2k� 1Þ
WAð2kÞ ð9Þ

3. Proposed harmonic estimator

The conventional ADALINE structure, as presented in
the previous section, provides erroneous results at off-
nominal frequency conditions [14], and thus, incompatible
for real time power system signal analysis. In order to
achieve faster convergence and self-synchronizing prop-
erty, this paper suggests two modifications of the conven-
tional ADALINE structure: Levenberg gradient descent
method [18,19] based weight up-gradation and tracking

Fig. 1. The architecture of the conventional ADALINE network.
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