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Abstract. This paper presents a new method of visualization 
of the power waveforms frequency fluctuations in terms of 
analysis of harmonics and interharmonics in an electric power 
signal. The presented method is based on image analysis and can 
be competitive, in some specific cases, to both Fourier 
transformation and wavelet method. The presented method 
constitutes a specific image preparation which consists of a split 
waveform signal. The article shows examples of simulations 
results for real life and simulated signals. 
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1. Introduction 
 
Recently, due to the considerable increase in the number of 
power receivers as well as gradual liberalization of the 
power market, more attention has been paid to the quality 
of power. Knowledge of the performance of the power 
system and the quality of the power signal sent enables 
modernization and installation of additional protection for 
usually expensive electric and electronic devices. 
Although there are plenty of different devices for online 
analysis and monitoring of power quality nowadays, post 
event processing is still important. It enables advanced 
feature extraction for detection, localization and 
characterization of PQ events. 
Several methods using Fourier transform, wavelet, Gabor, 
Prony’s method or Wigner-Ville distribution have been 
developed for analysis of power quality, in e.g.: [1]-[5]. In 
this paper, the authors develop two-dimensional (2D) 
representation of the power quality signal introduced in 
[6]. Presented method enables both variability of power 
waveform frequency analysis and detection of impulse and 
transient events, because prepared 2D representation of the 
signal has more operation flexibility than the regular 1D 
representation. In Section 2, presented method of power 
waveform analysis is developed. A combination of image 
analysis, Fourier transformation and least squares method 
is proposed as a tool to apply on the 2D data. To test the 
method’s performances, the authors used voltage 
waveforms of simulated and also real life power quality 

events. In Section 3 the analysis results are obtained 
using the method described in Section 2. It is observed 
that the presented method easily detects such power 
quality event types as frequency fluctuations, but also 
sags, swells, impulses and oscillatory transients. 
 
2. Method description 
 
Figure 1 illustrates the method of a 1D signal 
transformation to a 2D image. The new representation of 
power waveform signal consists of two-dimensional 
matrix whose rows correspond to prepared segments of 
1D signal. The columns of that matrix represent the 
numbers of the time windows. Prepared 2D image can be 
analyzed in the next step with the known image 
processing methods, Least Squares estimation method 
and Fourier transformation. 
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Fig. 1. An image (2D) preparation from regular 1D signal 
representation. 

 
Figure 2 illustrates the process of finding fundamental 
harmonic, constructing vector of data - edge in an image 
that is then used for fundamental frequency estimation 
and computation of its fluctuations in time. The first step 
in this block scheme is binarization of the image, next 
edge detection with image processing method and then, 
again, another binarization. After these steps, the longest 
of the edges found is transformed to frequency vector 
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that makes function of time. Derivative of the vector is 
then computed: 

[ ] [ ]′−′= −12132 ...... NN yyyyyydy   (1) 

 
where: yn –  time of the signal sample of the edge,  
N – length of the founded edge. 
The Least Squares method is used for approximation of 
fundamental frequency fluctuations by means of linear 
equation: 
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f̂ – approximation of fundamental frequency fluctuations,  

f – fundamental frequency fluctuations, tn – time of the nth 
window, T – length of the analysis window (20ms). 
 

 
Fig. 2. Frequency fluctuations of fundamental harmonic 
computation using image analysis methods. 

 
Figure 3 illustrates edge detection with Laplasian mask 
[7]. Each new pixel of the analyzed image is computed as 
a sum of the product of Laplasian mask and pixels 
corresponding in the image. 
 

 

Fig. 3.  An image edge detection using Laplasian mask. 

 
Figure 4 illustrates the method of eliminating fundamental 
harmonic used for presentation of selected events. The 
presented method is a kind of filtration where the analyzed 
signal is first transformed to frequency domain with 
Fourier method and then the components of frequency of 
50±25Hz are set to zero. The last step is computation of 
inverse Fourier transform. 

 
Fig. 4. Elimination of fundamental harmonic from 1D signal for 
2D visualizations of transients and impulses. 

 
3. Results 
 
The simulations have been made for real life and 
simulated signals. First test signal only consists of the 
fundamental harmonic (figures 5-8). The frequency of 
fundamental harmonics has grown up in time window 
from 49 Hz to 51 Hz. Figure 7 shows zero-crossing 
detection done with image processing from the simulated 
2D signal representation. Next, the results were used for 
the Least Squares estimation for computation of the 
fundamental harmonic fluctuations.  
Next test signal consists of the fundamental harmonic of 
constant frequency: 49.9 Hz (figures 9-11). 
The next simulations were made for real signals recorded 
with Elspec G4430 BlackBox with sampling frequency 
of 12.8 kHz and resolution of 16 bits. Figures 12-14 
illustrate the recorded impulse event, figures 15-18 show 
results for dip event and figures 19-21 demonstrate 
results for normal signals with no events. Selected figures 
show events with eliminated fundamental harmonic for 
improving visualization. 

 
Fig. 5. The simulated 1D signal only consists of the 
fundamental harmonic. The frequency of fundamental 
harmonics has grown up in the presented window from 49 Hz 
to 51 Hz. 

 
Fig. 6. The simulated 2D signal representation only consists of 
the fundamental harmonic (figure 5). The frequency of 
fundamental harmonic has grown up in presented window from 
49 Hz to 51 Hz. 
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Fig. 7. Zero-crossing detection done with image processing from 
the simulated 2D signal representation (figure 6). 

 
Fig. 8. Least Squares estimation of the fundamental harmonic 
fluctuations from figure 7. 

 
Fig. 9. The simulated 2D signal representation only consists of 
the fundamental harmonic. The frequency of fundamental 
harmonic is constant: 49.9 Hz. 

 
Fig. 10. Zero-crossing detection done with image processing 
from the simulated 2D signal representation (figure 9). 

 
Fig. 11. Least Squares estimation of the fundamental harmonic 
fluctuations from figure 10. 

 
Fig. 12. The real 1D signal with impulse event. 

 
Fig. 13. The real 2D signal representation with impulse event 
from figure 12. 

 
Fig. 14. The real 2D signal representation with impulse event 
from figure 12. Fundamental harmonic eliminated according to 
figure 4. 
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Fig. 15. The real 1D signal with dip event. 

 
Fig. 16. The real 2D signal representation with dip event from 
figure 15 

 
Fig. 17. The real 2D signal representation with dip event from 
figure 15. Fundamental harmonic eliminated according to fig. 4. 

 
Fig. 18. The real 2D signal representation with dip event from 
figure 15. Fundamental harmonic eliminated according to fig. 4 – 
top view. 

 
Fig. 19. The real 2D signal representation with no registered 
events. 

 
Fig. 20. The real 2D signal representation with no registered 
events. Fundamental harmonic eliminated according to figure 4. 

 
Fig. 21. The real 2D signal representation with no registered 
events. Fundamental harmonic eliminated according to fig. 4 
–  top view. 

 
4. Conclusions 
 
In this work a 2D representation of power waveforms is 
developed. The method proposed can be used for an easy 
analysis of fluctuations of harmonics as well as 
interharmonics and subharmonics in an electric power 
signal. 
The presented method also enables detection and 
visualization of interharmonics and subharmonics that are 
not synchronized with fundamental frequency. 
It is observed that the presented method easily detects 
such power quality event types as frequency fluctuations, 
but also sags, swells, impulses and oscillatory transients. 
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The presented method, based on image analysis, can be 
competitive in specific cases to both Fourier 
transformation method and wavelet method and can be a 
useful tool for advanced power waveform analysis that 
goes beyond actual specification included in the standards 
related to power quality. 
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