
 

 

https://sid.ir/1790
https://sid.ir/1797
https://sid.ir/1798
https://sid.ir/1799
https://sid.ir/1800
https://sid.ir/1788
https://sid.ir/1703
https://sid.ir/1706
https://sid.ir/1708
https://sid.ir/1707
https://sid.ir/1789


IRANIAN JOURNAL OF ELECTRICAL AND COMPUTER ENGINEERING, VOL. 3, NO. 2, SUMMER-FALL 2004 

1682-0053/04$10  © 2004 JD 

126 

  

Abstract—This paper presents harmonic analysis of power 
quality disturbances in scale-frequency domain. A suitable 
scheme has been proposed for power signal analysis using 
orthonormal harmonic basis functions with compact support. 
These basis functions are band-pass in nature. One can choose 
filter center frequencies easily. It has been shown that the 
respective band-pass filter outputs are associated with 
harmonics of the distorted power signal under consideration. 
Hence, the present scheme may be useful for harmonic 
analysis of power quality disturbances. Moreover, this 
technique provides a precise scale-frequency analysis. 
 

Index Terms—Discrete Fourier transform, harmonic 
analysis, multi-resolution techniques, power quality, scale-
frequency analysis, wavelet transform. 

I. INTRODUCTION 
N GENERAL, we like to choose a particular algorithm best 
suited to a given signal. One can briefly classify signals 

by the way of distinguishing stationary, quasi-stationary 
and non-stationary (transient) signals. Fourier transform is 
treated as an ideal tool for analyzing stationary signals [1]. 
To be more precise, stationary signals can be decomposed 
into linear combination of periodic sine and cosine waves. 
Since the basis functions of Fourier transform are periodic 
sine and cosine functions, they do not provide us finite 
spectral information. Hence, Fourier transform is not useful 
for precise scale-frequency analysis of stationary or quasi-
stationary signals. 

Further, the study of non-stationary signals associated 
with unpredictable transient events requires new techniques 
that are different from Fourier analysis. These new 
techniques for non-stationary signal analysis include 
“Time-frequency” domain analysis and “Time-scale” 
domain analysis. Usually “Time-frequency” domain 
analysis is used for “quasi-stationary” signal analysis while 
“Time-scale” domain analysis is needed for “non-
stationary” signal (signals having a fractal nature) analysis. 
Short-Time Fourier Transform (STFT) and wavelet 
transform are treated as two standard signal processing 
tools for time-frequency and time-scale analysis, 
respectively [2]-[4]. However, they do not provide us a 
precise scale-frequency analysis of a “non-stationary” 
phenomena. On the other hand, this paper presents a 
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suitable method for precise scale-frequency analysis of 
power quality disturbances. 

The power quality analysis and monitoring is an 
important task in the area of power system engineering. 
Power quality is closely associated with different problems 
caused by signal harmonics, under or over voltages or 
supply discontinuities. In general, harmonics are caused by 
variable speed drives or arc furnaces, under voltages by 
nearby faults or motor starting, over voltages by capacitor 
switching and supply discontinuities can be caused during 
an autoreclosure. It is well known that the effects of signal 
harmonics on power system are of steady state in nature. 
On the other hand, the effects of capacitor switching or 
nearby faults are usually more transitory (i.e. of a very 
short time duration). So a more reliable identification of 
power signal disturbances ensure the utilities to reinforce 
the power system for its customers. Hence there is a strong 
need  for analyzing  power quality disturbances using 
different signal processing tools. Transient power quality 
problems were analyzed using wavelets [5]-[7]. Wavelet 
signal processing technique has been applied for power 
quality assessment in [8]. Some other researchers have also 
used wavelet analysis for different power system 
applications [9], [10]. Harmonic analysis of voltage 
disturbances using discrete short-time Fourier transform 
analysis has been proposed in [11]. The use of harmonic 
analysis for power system engineering applications has 
been justified in [11].  

 In this paper, we propose a suitable technique for 
harmonic analysis of power quality disturbances. A set of 
orthonormal harmonic spline basis functions is proposed 
for this purpose. Compact support of B-spline functions 
[12], [13] makes them very attractive for such applications. 
The proposed analysis functions closely approximate 
modulated Guassian functions and may be optimally 
localized. Some examples are presented to reveal the 
suitability and accuracy of the proposed scheme. 

II. HARMONIC ANALYSIS OF POWER QUALITY 
DISTURBANCES 

 In this section, we propose a technique for harmonic 
analysis in terms of orthonormal harmonic spline basis 
functions. A symmetrical normalized B-spline with an 
additional resolution factor m is given as, 
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where )(xU   is the unit  step function, 
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coefficients and  n  is the degree of the B-spline 
polynomial. The cubic ( 3=n ) B-spline functions with 

1=m  and 2=m  are shown in Figs. 1(a) and 1(b), 
respectively. 
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Fig. 1.  (a) Normalized cubic B-spline function , and (b) Normalized cubic B-spline function expanded by a factor of 2 ( resolution factor = 2). 
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Fig. 2.  Filter outputs using B-spline window with resolution factor 
64=m  (window size of 256). 

 
Let us define a set of orthonormal Fourier eigenvectors 
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where kk fπω 2=  and Nkff sk /= . sf  is the sampling 
frequency and N  is the number of samples per cycle. 
Later, N  is also treated as the number of channels. 

Let us define a set of orthonormal basis functions of 
degree n  as 
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This may be noted that )12( +n
kλ  is the k -th eigenvalue of 

the B-spline interpolation matrix of degree )12( +n  [13]. 
For a cubic B-spline interpolation ( 3=n ), this value is 
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for Nk ,...2,1=  and N/2πθ = . 
These orthonormal harmonic spline basis functions 

consists of orthonormal projection of sines and cosines 
onto the spline space and are band-pass in nature. Thus, η  
may be treated as an operator and can be used for filtering, 
which can be performed through convolution operation. 
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Fig. 3.  Filter outputs using B-spline window with resolution factor 8=m  
(window size of 64). 

 
Let )(mx  be the discrete signal under consideration. 

Then one can easily apply the following convolution 

)( * m x(m) y(m) n
kη=  (5) 

where y(m)  is the output from the band-pass filter for the 
frequency band k  at time m  with the center frequency kf  
given by 

NkNkff sk ,...2,1for/ == . (6) 

Thus the given signal can be decomposed into N number 
of frequency channels by using (5). Multichannel 
frequency representation of power quality disturbances 
provide us more information. Each frequency band is 
associated with a center frequency ( kf ), which is the 
integer multiple of the fundamental frequency. Hence the 
proposed scheme may be useful for harmonic analysis of 
distorted power signals. It is interesting enough to note that 
all band-pass filters have equal bandwidth depending upon 
the degree n  of the basis functions. 

III. RESULTS AND DISCUSSIONS 
 The proposed scheme has been implemented in 

MATLAB. Different examples are produced for power 
system engineering applications. It is noteworthy to 
mention here that the  sampling  frequency 12800=sf  Hz,  
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Fig. 4.  Filter outputs using B-spline window with resolution factor 
64=m  (window size of 256). 

 
i.e., 256 samples per 50 Hz cycle. We choose 562=N  so 
that the filter outputs are at integer multiples of the 
fundamental frequency, i.e., 50 Hz. Different resolution 
factors have been chosen for all different examples. By 
increasing the resolution factor m , one may extract useful 
information for analyzing power quality disturbances. 
Different harmonic contents may be visualized in different 
bands (by considering more number of bands). However, 
we have mostly chosen the value 8=m  to provide better 
time resolution.  

Here, we deal with the detection of distortions in a 
power quality signal. The resolution factor 8=m  implies 
that the window size is 32 and 64=m  gives us a window 
of size 256. The paper deals with analysis of distorted 
power signals in a precise scale-frequency domain. The 
proposed method provides flexible way to choose the 
center frequency of the band-pass filters associated with 
different harmonics, which is not possible with the wavelet 
analysis. It is well known from the literature that the 
wavelet analysis only gives a time-scale analysis of 
transients. Hence, it is difficult to choose a required band-
pass filter associated with a particular harmonic of a power 
quality signal. 

 As the first example, we have considered a power signal 
with voltage sag. Figs. 2 and 3 display different band-pass 
(associated with harmonics) signals obtained from the 
outputs of the first five bands, i.e., 4,3,2,1=k  and 5. 
Figs. 2(a) to 2(e) contain outputs associated with the 
harmonics 50, 100, 150, 200, and 250 Hz, respectively. 
Figure 2 shows band pass filter outputs using B-spline 
window with resolution factor 64=m , i.e., a window size 
of 256. Hence, the frequency resolution seems to be better. 
Presence of the fundamental frequency component is 
apparent in Fig. 2 (a). Both the sag initiation and voltage 
recovery are observed from Figs. 2(b) to 2(e). But it is 
observed from Fig. 2 that the time localization is not  
better where as we find a better frequency resolution. Fig. 3 

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
-500

0

500

Si
gn

al

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
-5

0

5

(a
)

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
-0.2

0

0.2

(b
)

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
-0.05

0

0.05

(c
)

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
-0.05

0

0.05

(d
)

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
-0.02

0

0.02

(e
)

 
Time 

Fig. 5.  Filter outputs using B-spline window with resolution factor 
16=m  (window size of 64). 

 
contains the outputs using B-spline window with resolution 
factor 8=m , i.e., a window size of 32. Sag initiation and 
recovery are detected more accurately from Figs. 3(d) and 
3(e). Where as Figs. 3(a) to 3(c) do not give us accurate 
detection of sag initiation and recovery as these three bands 
are associated with the fundamental frequency component 
(i.e., 50 Hz signal). From Figs. 2 and 3, it is observed that 
the time localization is better with a lower resolution factor 
m  (i.e. lower window size). One can further investigate 
other frequency bands to extract more information 
regarding initiation and recovery of the voltage sag (shown 
in Figs. 2 and 3) under consideration. 

A power signal with voltage swell has been considered 
as the second example. Figs. 4 and 5 deal with the results 
in connection with the voltage swell of two cycles. 
Figs. 4(a) to 4(e) contains outputs from the first five bands 
with center frequencies 50, 100, 150, 200, and 250 Hz, 
respectively. Fig. 4 shows results by using B-spline 
window with resolution factor 64=m . Fig. 4(a) shows the 
fundamental frequency component while swell initiation 
and recovery times are detected from Figs. 4(b) to 4(e). 
Since the window size considered is 256, the frequency 
resolution seems to be better in these cases. Fig. 5 displays 
outputs from first five bands by using a B-spline window 
with resolution factor 16 (window size of 64). Here time 
localization is better. Voltage swell and recovery time is 
detected more accurately from Figs. 5(c) to 5(e) (i.e., from 
3rd, 4th and 5th band). 

In the third example, we have considered a power signal 
with a notch around the time sample 1050 (shown in 
Fig. 6). Fig. 6 shows outputs by using a B-spline window 
with resolution factor 8=m  to provide a better time 
localization. Figs. 6(a) and 6(b) are the outputs of first two 
band–pass filters which are associated with the 1st and 2nd 
harmonic components (i.e., 50 Hz and 100 Hz). Hence 
these two bands fail to detect the notch which is associated 
with  the  high  frequency  (higher  harmonics).  The  notch 
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Fig. 6.  Filter outputs using B-spline window with resolution factor 8=m  
(window size of 32). 
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Fig. 7.  Filter outputs using B-spline window with resolution factor 8=m  
(window size of 32). 
 
in the signal under consideration is accurately located 
(around sample 1050) and detected in Figs. 6(c) to 6(e). 
Further analysis is also possible for analyzing the power 
signal with a notch by considering more number of higher 
frequency bands. However, we restrict our discussion for 
first five bands in this section. 

Fourth example deals with a power signal associated 
with a spike (of high frequency) around the time sample of 
1050, which is shown in Fig. 7. The filtered outputs from 
the first five bands are shown in Figs. 7(a) to 7(e). The 
disturbances have been located and detected accurately  
in the 3rd, 4th and 5th band outputs displayed in  Figs. 7(c) 
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Fig. 8.  Filter outputs using B-spline window with resolution factor 8=m  
(window size of 32). 
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Fig. 9.  A Power quality signal generated using MATLAB Power System 
Blockset. 
 
to 7(e), respectively. Fifth example concerns with the 
signal with momentary interruption of two cycles. The 
results have been shown in Figs. 8(a) to 8(e), respectively. 

Finally, a power quality signal has been generated using 
Power System Blockset of MATLAB and used as the sixth 
example. The test signal has been shown in Fig. 9. The 
signal obtained contains three major types of disturbances 
i.e. voltage sag, small oscillatory transients and momentary 
spikes. Outputs from the first five filter bands are shown in 
Figs. 10(a) to 10(e), respectively. The occurrence of such 
disturbances has been detected more accurately in the 
higher frequency bands (i.e., 4th and 5th bands). 
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Fig. 10.  Filter outputs using B- spline window with resolution factor 8=m  (window size of 32) for corresponding signal shown in Fig. 9. 
 

TABLE I 
HARMONIC ANALYSIS OF POWER QUALITY SIGNALS 

 

Output of 1st 
band 

(Fundamental) 

Output of 2nd 
band (2nd 
harmonic) 

Output of 3rd 
band (3rd 
harmonic) 

Output of 4th 
band (4th 
harmonic) 

Output of 5th 
band (5th 
harmonic) 

1.000 0.001 0.001 0.001 0.001 
1.000 0.1 0.001 0.001 0.001 
1.000 0.0009 0.1 0.0008 0.0009 

0.9998 0.0008 0.0095 0.098 0.0009 
0.9975 0.0009 0.0087 0.0096 0.0975 

 
The proposed technique can also be applied in harmonic 

analysis of power quality signals. Here we have considered 
five different power quality signals without any distortions 
as discussed above. However, four power signals mixed 
with different harmonics have been simulated. The 
proposed method is then applied for harmonic analysis. 
The results are produced in Table I. It is observed from the 
table that the first signal without any harmonic distortion 
(pure power signal with fundamental frequency of 50 Hz 
only) gives the amplitude of the first band output as 1.0, 
whereas the outputs from the rest four bands are negligible. 
These outputs can be treated as the normalized base value 
to compute the harmonics that are present in a power 
quality signal. The second signal is mixed with 10% of 2nd 
harmonic (i.e., 100Hz) and it is clearly observed from the 
output of the 2nd band. Similarly the other three signals are 
containing 10% of 3rd, 4th and 5th harmonics, 
respectively. These are clearly seen from the numerical 
results provided in Table I. Thus, we conclude that the 
proposed technique is also suitable for harmonic analysis. 
This kind of harmonic analysis is not possible in the case of 
wavelets. The reason is that the center frequencies of the 
wavelets are fixed, which depend on the scale parameter. 

IV. CONCLUSION 
 Both time and frequency resolutions are fixed in the case 

of Windowed Fourier Transform (WFT) or short-time 
Fourier transform (STFT). Hence, the WFT or STFT 
approach is particularly suitable for the analysis of signals 
with slowly varying periodic or stationary characteristics. 
The wavelet transform provide us a time-scale analysis and 

they have shown high performance to detect local details 
from non-stationary signals (or transient signals) [14], [15]. 
However, they do not provide us a precise scale-frequency 
analysis for power quality disturbances. Center frequencies 
of band-pass filters associated with wavelets are fixed and 
depend upon the scale parameter.  Hence, wavelet analysis 
is not very attractive for harmonic analysis of power 
quality disturbances [11]. On the other hand, we have a 
suitable technique, which can provide a precise scale-
frequency analysis. 
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