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Abstract 

An accurate time-frequency representation (TFR) can provide 

useful information in non stationary data analysis and 

processing. The traditional methods like short-time Fourier 

transform (STFT) and wavelet transform (WT) based TFR 

approaches are leads to a tradeoff between time and frequency 

resolution. A recently proposed synchrosqueezing transform 

(SST), which is an extension of the WT, has been successfully 

used as a potential tool for time-frequency analysis of signals 

with time varying characteristics. This paper introduces a 

novel approach for the visual localization and detection of 

various non-stationary power quality disturbances present in a 

power network using SST. In this study we considered 

different types of power-quality (PQ) disturbances as input 

data. The extensive simulation results show that the SST based 

approach is very much effective in characterization of PQ 

events compared to traditional continues wavelet transform 

(CWT). 

Keywords: Continues wavelet transform; power-quality 

disturbances; synchrosqueezing transform; time-frequency 

representation. 

 

INTRODUCTION 

In the commercial world, along the increased use of sensitive 

power electronic devices and modern equipments, the power 

quality (PQ) related problems are becoming a serious and 

challenging issue. The presence of PQ disturbances in an 

electric power system can leads to instability, short life time 

and malfunctions in the affected loads connected to the system 

[1]. The accurate detection and appropriate mitigation action is 

very much essential to improve the PQ [2]. The manual 

procedures adopted for the PQ detection are proven to be 

costlier and inefficient. Hence, several signal processing 

techniques are developed and successfully implemented for 

the effective detection and classification of PQ events. One of 

the most widely used time frequency analysis approach is 

Fourier Transform (FT). The FT is very much capable of 

extracting the harmonic component of the PQ signal under 

analysis. However due to transient nature of most of the PQ 

disturbance signals, use of FT alone is not enough to provide 

both time and frequency resolution. Short time Fourier 

transform (STFT) was put forward as an alternative to FT. the 

STFT have been implemented for the detection and 

characterization of the PQ events [3]. The use of fixed window 

length in STFT reduces its analytic ability to characterize non-

stationary signals [4]. To overcome the disadvantages 

associated with FT based techniques, the wavelet transform 

(WT) was introduced and extensively used for the time-

frequency analysis of wide range of PQ disturbance signals by 

academicians and researchers. Further the use WT based 

approaches are extended to noise reduction, data compression 

and feature extraction of different non stationary PQ signals 

[5-9]. Researchers proposed wavelet based Multiresolution 

analysis (MRA) approach to reduce the computational time for 

online applications. A wide range of PQ disturbance signals 

were characterized based on the energies of the decomposed 

signal using MRA in wavelets [10]. Unfortunately, the 

capability of wavelet transform is often significantly degraded 

in real time scenario in noisy environments. Due to this 

reason, to large extent efforts have been initiated by different 

research groups to improve the time-frequency resolution of 

different non-stationary signals [11-13]. According to 

Heisenberg uncertainty principle, the TF resolution is limited 

by ∆𝑡. ∆𝑓 ≥
1

4𝜋
 , where ′∆𝑡′ and ′∆𝑓′ denotes the time 

resolution and frequency resolution respectively. It is clear 

from the above statement that the time resolution and 

frequency resolution are inversely proportional to each other. 

There are numerous number of approaches based on S-

transform, modified S-transform, Hilbert transform,  Hilbert-

Huang transform, Gabor Transform, Gabor-Wigner transform,  

Kalman filter and their hybrid transform techniques [14-17] 

have been  reported by different researcher from time to time 

for the impending assessment of  PQ disturbances via time 

frequency representation (TFR). In general time frequency 

analysis method is used as an important alternative tool for the 

detection and identification of non stationary PQ disturbance 

signals. 
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Daubechies et al., proposed an effective WT based time-

frequency representation approach known as 

synchrosqueezing transform (SST) for the analysis of speech 

signals [18]. SST used as an efficient algorithm for 

investigating signals with non-stationary characteristics and it 

provides an improved spectral resolution. SST is a very much 

capable to track the close frequencies and fast changing 

instantaneous frequencies [19]. Further, the application of SST 

was extended to the studies related to electrocardiography 

signals, gearbox fault diagnosis and seismic signals. [20-22]. 

In this paper, A SST based time-frequency representation is 

applied to analyze and identify different types of PQ 

disturbance events. Finally the analysis results of PQ events by 

SST and CWT are compared with each other. 

 

SYNCHROSQUEEZZING TRANSFORM 

The CWT of a time series is given as : 

𝐶𝑝(𝑥, 𝑦) = {𝑝(𝑡), 𝜓𝑥,𝑦(𝑡)} =
1

√𝑥
∫ 𝑝(𝑡).  𝜓 ∗ (

𝑡−𝑦

𝑥
) . 𝑑𝑡    (1)         

Here" ∗ " stands for the complex conjugate operation, 𝜓 is a 

suitably chosen mother wavelet, 𝑥 is the scaling factor, 𝑦 

represents the time shift factor and 𝑎 is the scaling factor. The 

cross correlation of 𝑝(𝑡) with different wavelets will represent 

the CWT, which are derived from the translated and scaled 

version of the mother wavelet. The 𝜓(𝑡) can be expressed as: 

                                       𝜓(𝑡) = 𝑤(𝑡). 𝑒𝑖2𝜋𝑓0𝑡          (2)                                               

Where  𝑤(𝑡) and 𝑓0  represents the window function and 

frequency of the wavelet respectively. At each time point 

along the scale direction, there exists a maximum value 

of 𝐶𝑝(𝑥, 𝑦). All these maximum values can be represented as a 

curve. A set consists of all these maximum values can be 

represented as:    

  𝑋 = {(𝑥𝑟 , 𝑦) ∈ 𝑅2; 𝑀𝑝(𝑥𝑟 , 𝑦) = 𝑚𝑎 𝑥(|𝐶𝑝(𝑥𝑖 , 𝑦)|)}          (3) 

Where (𝑥𝑟 , 𝑦) and |𝐶𝑝(𝑥𝑖 , 𝑦)| represents the ridge point at any 

time point  𝑦 and modulus of the wavelet coefficient 

respectively. 

By performing WT, The Instantaneous Amplitude (IA) and the 

Instantaneous Frequency (IF) of the signal 𝑝(𝑡) can be 

calculated from (𝑥𝑟 , 𝑦) as 

                                               𝑓𝑖𝑛𝑠𝑡(𝑡) =
2𝜋𝑓0

2𝜋𝑥𝑟(𝑡)
                           (4)                 

                                         𝑎𝐼(𝑡) ≅
2|𝐶𝑝(𝑥𝑟(𝑡),𝑡)|

√𝑥𝑟(𝑡)|�̂�(0)|
                            (5) 

Where, �̂�(0) = �̂�(𝜔)|𝜔=0, �̂�(𝜔 ) is the Fourier transform of 

 𝑤(𝑡). 

 The time frequency information of the signal can be extorted 

by using the WT as depicted by Eq. (4) and Eq. (5). However, 

the WT more often yields a blurred time-frequency contour 

and may cause misunderstanding of the signal. To improve the 

time-frequency representation, an alternative transform 

technique, the synchrosqueezing algorithm was proposed by 

Daubechies et al. [19]. 

Let us assume that the signal under analysis has a constant IF 

and a constant IA, i.e. 

                                            𝑓𝑖(𝑡) = 𝑓, 𝑎𝑖(𝑡) = 𝑎                         (6)  

Substituting Eqs. (6) Into Eqs. (1), yields 

𝐶𝑝(𝑥, 𝑦) =
1

√𝑥
∫ �̂�(𝜉)�̂�(𝑥𝜉)𝑒𝑖𝑦𝜉 𝑑𝜉 =

𝑎

2√𝑥
�̂�(𝑥𝑓)𝑒𝑖𝑦𝑓        (7) 

The Wavelet coefficient 𝐶𝑝(𝑥, 𝑦) , frequently spreads out in 

the time-scale plane. This may leads to a blurred projection in 

time scale plane. To eliminate the effect at any (𝑥, 𝑦) location 

for which 𝐶𝑝(𝑥, 𝑦) ≠ 0, its instantaneous frequency 𝑓𝑖𝑛𝑠𝑡(𝑥, 𝑦) 

can be compute by taking derivatives 

      𝑓𝑖𝑛𝑠𝑡(𝑥, 𝑦) =
−𝑖

𝐶𝑝(𝑥,𝑦)

𝑑(𝐶𝑝(𝑥,𝑦))

𝑑𝑦
                                            (8) 

Since  𝑥, 𝑦 𝑎𝑛𝑑 𝑓 are discrete values, the scaling step is 

determined as  (𝛥𝑥)𝑘 = 𝑥𝑘 − 𝑥𝑘−1 for any 𝑥𝑘. The 

synchrosqueezed transform 𝑝(𝑓, 𝑦) is computed at the centers 

𝑓𝑗 of the frequency range[𝑓𝑗 −
∆𝑓

2
, 𝑓𝑗 +

∆𝑓

2
]  (with(∆𝑓 = 𝑓𝑗 −

𝑓𝑗−1)): 

𝑝(𝑓𝑗, 𝑦) =  
1

𝛥𝑓
∑ 𝐶𝑝(𝑥𝑘 , 𝑦)𝑥𝑘

−3
2⁄

𝑥𝑘:|𝑓𝑝(𝑥𝑘,𝑦 )−𝑓𝑗|≤
∆𝑓

2

(∆𝑥)𝑘  (9)                                                      

Eqn. (9) represents the synchrosqueezed transform of the 

signal 𝑝(𝑡). This is synchrosqueezed along the time-frequency 

axis. 

 

RESULTS AND DISCUSSIONS 

In this paper, to show the efficiency of the proposed SST 

based TFR technique, a wide variety of synthetic PQ 

disturbance signals are generated by using MATLAB 

software. In the case study, for simplicity only four different 

types of PQ disturbance signals are considered. The detail 

description regarding each of the PQ disturbances are as given 

below. 

Case (1): Voltage signal with swell: voltage swell is denoted 

by a sudden increase in amplitude from the nominal value of a 

standard voltage waveform. 

Case (2): Voltage signal with swell and harmonics: In this case 

we considered a multiple PQ disturbance.  The voltage 

waveform is interfered with harmonics for particular time 

duration and a sudden drop in voltage for other duration. 

Case (3):  Voltage signal with sag and flicker: voltage sag is 

denoted by sudden decrease in amplitude from the nominal 

value of a standard voltage waveform. The flicker is denoted 

by the variation of voltage for short duration but long enough 
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to be noticeable. In this case we consider the combination of 

swell with flicker. 

Case (4): Voltage signal with multiple spikes and momentary 

interruption: The impulsive transient is referred as spike. The 

momentary interruption is the total interruption of power for a 

particular duration. In this case we selected a PQ disturbance 

consists of multiple spikes and momentary interruption.  

For analysis, the sampling frequency of all PQ disturbance   

signals is chosen as 3.2 kHz and a morlet wavelet is used for 

CWT and SST. Fig. 1(a) shows the voltage signal with swell. 

The CWT and SST contour of the signal are displayed in Fig. 

1(b) and Fig. 1(c) respectively. From Fig. 1 it is found that 

both CWT and SST able to detect the disturbances, but it is 

evident from the results that, CWT is able to identify the PQ 

disturbances with lower resolution. However the SST is able 

to provide better time-frequency resolution. Figs 2(a)-4(a) 

show some of the power quality disturbances such as swell 

with harmonics, sag with flicker and spikes with momentary 

interruption signal as a function of time. 2(b)-4(b) is called as 

the CWT time frequency contour and 2(c)-4(c) is called SST 

time frequency contour. In all of the cases the SST results 

more distinct time-frequency resolution capability compared to 

CWT. The SST is capable of showing a jagged representation 

of the instantaneous frequency components of the non 

stationary PQ disturbance signals, which are hidden in CWT 

based TF representation. 

 

Figure 1: (a) Voltage waveform with swell.  

(b) Time-frequency representation based on CWT.  

(c) Time-frequency representation based on SST. 

 

Figure 2: (a) Voltage waveform with swell and harmonics  

(b) Time-frequency representation based on CWT.  

(c) Time-frequency representation based on SST. 

 

 

Figure 3: (a) Voltage waveform with sag and flicker.  

(b) Time-frequency representation based on CWT.  

(c) Time-frequency representation based on SST. 
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Figure 4: (a) Voltage waveform with multiple spikes and 

momentary interruption. (b) Time-frequency representation 

based on CWT. (c) Time-frequency representation  

based on SST. 

 

CONCLUSION 

In this paper, we have presented the synchrosqueezing 

transform (SST) for the time-frequency analysis of non 

stationary PQ disturbance signals. The SST based TFR 

approach shows promising results for the detection and 

localization of power quality events. It is evident from the 

results that SST has a superior time-frequency resolution 

compared to CWT. The SST characteristics are very much 

useful for the detection of accurate location of different 

disturbances occurs in standard quality power signals. Further 

we can conclude that SST is an important tool to solve PQ 

disturbance classification related problems. 
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