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Abstract - Wavelet transform is a novel signal processing 
technique and has been widely used in many applications, 
including power system disturbance analysis. Many published 
woks introduce the wavelet transform as a tool to analyze power 
system disturbances. In this work, a dyadic wavelet transform 
based approach, which is used to detect transmission line faults, 
is proposed. The coefficient of discrete approximation of the 
dyadic wavelet transform with Haar wavelet is used to be an 
index for transmission line fault detection and faulted-phase 
selection. Basic ideas and the proposed algorithm are described 
in this paper. MATLABlSimulink is used to generate fault 
signals and verify the correctness of the algorithm. Simulation 
results reveal that the performance of the proposed fault 
detection indicator is promising and easy to implement for 
computer relaying application. 

Znder Terms- Fault detection, faulted-phase selection, Haar 
wavelet, wavelet transform. 

I. INTRODUCTION 

avelet transform (WT) is a novel signal processing 
technique developed from the Fourier transform (FT) 

and has been widely used to signal processing application 
[ 11-[3]. The wavelets possess multidimensional characters 
and are able to adjust their scale to the nature of the signal 
features. Singularities and irregular structures in signal 
waveform often carry important information from an 
informatics-theoretic point of view. The WT analysis 
provides a kind of mathematical “microscope” to zoom in or 
zoom out on those interesting structures [3]. Furthermore, 
wavelets can be orthonormal and are able to capture 
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deterministic features. Therefore, WT can decompose a 
signal into localized contributions labeled by so-called 
dilation and translation parameters. These parameters 
represent the information of different frequency component 
contained in the analyzed signals [3 ] .  

To monitor the quality of an electric power system, a 
sinusoidal waveform at a rated voltage magnitude and 
frequency is a proper index. Thus, any electric power 
disturbance (or fault) can be thought of as a deviation from 
that sinusoidal waveform. The other problem that should be 
noticed when a fault occurs on a power system is that fault 
current is almost greater than the pre-fault load current in any 
system element. A very simple and effective fault detecting 
principle is that of using the current magnitude as an 
indicator of a fault of the power system. 

Since the wavelet transform with its ability allowing the 
localization both in time and frequency domain, some 
publications [4]-[6]  introduced the wavelet transform as a 
tool to analyze power system disturbances. In this work, the 
authors apply the dyadic wavelet transform with Haar 
wavelets to analyze three phase-currents of a power system. 
By the multi-resolution analysis characteristics of the dyadic 
wavelet transform, the abrupt direct offset (DC) component 
of the current in a power system can be found and used to be 
a fault detection indicator. Meanwhile, the faulted-phase can 
also be identified. The proposed algorithm is implemented by 
using moving data window technique. The simulation studies 
show that this fault detection indicator is with fast response 
time, which provides an alternative approach for transmission 
line protection. 

The organization of the paper is described as follow. First, 
the dyadic wavelet transform is introduced. Basic idea and 
the proposed algorithm are described in Section 111. Then, the 
simulation studies are shown in Section IV. Finally, 
conclusions are given. 

11. DYADIC WAVELET TRANSFORM 
For measured data, the wavelet dilation and translation 

parameters are discretized dyadically as U = 2 j ,  b = 2 J k  , 
where j and k are integers and the indices for scaling and 
translation, respectively. Thus, the jth scale dyadic wavelet 
transform off(?) can be represented as [7 ]  
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Here, the translation parameter k determines the location of 
the wavelet in the time domain, whereas the dilation 
parameter j determines the location in the frequency domain 
as well as the scale or extent of the time-frequency 
localization. 

Any signal may be decomposed into its contributions in 
different regions of the time-frequency space by projecting it 
on the corresponding wavelet basis function. Fast algorithms 
for computing the wavelet decomposition are based on 
representing the projection of the signal on the corresponding 
basis function as a filtering operation. Thus, the coefficients 
at different scales may be obtained as 

m 

A,j W n > >  = c h(kb4,j-I { f ( n  - k)) (2) 
k=- 

A J  = C h,-,, A'-' (4) 

( 5 )  

where A' and DJ are jth discrete approximation and discrete 
details, and h(k) and g(k)  are discrete low-pass filter and 
high-pass filter, respectively corresponding to h(t) and g(t). 
The original data is considered to be the scaling function 
coefficients at the finest scale, i.e. A' . Thus, the 
decomposition can be schematically described as fig. 1 : 

D j  ---.--- D' D2 03 
Fig. 1 Decomposition structure for Haar wavelet transformation. 

To reconstruct the signal from its wavelet decomposition is 
just to run recursion algorithm in the reverse conjugates of 
filter h(k) and g(k). The reconstruction algorithm is therefore, 
also a pyramid algorithm, using the same filter coefficients as 
the decomposition. Signal reconstruction can be presented as 

and it can be represented schematically by fig. 2. 

Fig. 2 Reconstruction structure for Haar wavelet transformation. 

Therefore, when the spectrum is described by wavelet 
coefficients (discrete approximations and discrete details), it 
is easy to distinguish the noise component from the 
component containing relevant information to reconstruct the 
initial spectrum. An increasing value of dilation parameter j 
corresponds to a greater degree of smoothing of the original 
function. Thus, the de-noised data can be obtained by simply 
choosing one of the discrete approximations. In addition, of 
all discrete detail there must be a discrete detail whose 
frequency is higher than original data and lower than the high 
frequency noise. Hence, this detail could represent the 
resolved signals and the number of the components in the 
original data can be obtained from this detail. 

111. BASIC IDEAS AND ALGORITHM DESIGN 
When a fault occurs in transmission lines, the abrupt DC 

component of the current in a power system can be used to be 
a fault detection indicator. First, the authors performed one 
experiment with the signal waveform described by equation 
(7). 

x ( t )  = sin(0t) + dc (7) 

where dc is the added DC offset. 
A Haar wavelet is used as the analyzing wavelet filter in 

this work. The Haar mother function can be expressed by 
equation (8) 

i 1, est<- 
2 

0, otherwise I 
In this work, the number of points for an observation 

window is 32. Since the number of discrete data is 32, the 
level of the decomposition is 5 (25 = 32). The Haar wavelet 
transform of the signal x ( f )  is shown in fig. 3. Apparently, the 
coefficient a5 represents the DC offset of the input signal. 
Thus, the coefficient as is a proper fault indicator of the post- 
fault current of a power system when the fault occurrences. 
When the sampling rate is 16 points per cycle, the level of the 
decomposition is 4 (Z4= 16) and so on. Thus, using the Haar 
wavelet transform to extract to the DC component, and then 
the fault can be detected. 
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Threephase-currents 1 

$3 

Fig. 3 Discrete approximations and discrete details of signal sin(&) with dc = 

5 (decomposition level = 5). 

For practical usage, the absolute value of the DC 
component, denoted by la5] , is used as a fault detection 

indicator. According to the above descriptions, the proposed 
fault detection and faulted-phase selection algorithms are 
described below. For every moving data window, the DC 
components of three phase-currents are extracted using the 
Haar wavelet, respectively. Thus, we can obtain three fault 
detection signals (a,lm, where m represents ‘a’, ‘b’, ‘c’ phase 

respectively. Under steady state conditions, these DC 
components are zero. When a fault occurs, large transient DC 
components are generated. Thus, incorporating with a 
threshold setting (TH), the fault can be detected. Moreover, 
monitoring the three fault detection signals respectively, the 
faulted-phase is identified. For example, when a phase-‘a’ to 
ground fault occurs, the magnitude of fault detection signal of 
phase-‘a’, la,ln, will be greater than the pre-defined threshold. 

However, the signals of phase-‘b’ and ‘c’ are lower than the 
threshold. The overall flowchart of the proposed algorithm is 
shown in fig. 4. 

IV. SIMULATION EXPERIMENTS 

A. Simulation System 
For evaluating the performance of the proposed algorithm, 

the authors adopt MATLAEVSimulink for fault data 
generation and algorithm implementation. Fig. 5 depicts the 

DC component extraction: a5 r L -  
Afadtisdeteeted 

Faulted+hase selection 

I 
I . 

pb18B.‘a9 fadt P h W b ’  fault Phase-‘c’ fadt 

Fig. 4 The overall flowchart of the proposed algorithm 
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Fig. 5 The single-line diagram of the simulated system. 

single-line diagram of the simulated system, which is a 345 
kV transposed transmission line system. Distributed line 
model is utilized in this simulation. TI is a protected line 
segment. The parameters of the adopted line and two 
Thtvenin’s equivalent source circuits are same as in [8]. In 
this work, the phase difference between Es and ER is set as 20 
degrees. A second-order low-pass Butterworth pre-filter 
whose cutoff frequency is 360 Hz first filters the faulted 
current waveforms. The three-phase current signals at relay 
location, which is at bus ‘A’, are sampled at 1920 Hz (i.e. 32 
points per-cycle). The selected simulation results are briefly 
summarized be low. 

B. Example Studies 
In this part, the authors select three cases to illustrate the 

performance of the proposed fault indicator under internal 
fault events. 

I )  Case I 
First, a phase-‘a’ to ground fault is selected as a simulation 

case whose fault path resistance is 1 , fault location is at 0.5 
(pa.), and fault inception angle is zero degree refers to ‘a’- 
phase voltage wave, respectively. 

Fig. 6 depicts the behaviors of fault detection indicator a5 

287 



10' 
1 - :aohase 

-3 I I 
0 10 20 30 40 50 60 70 80 90 100 

time (m) 
(a) 

800 
o :aphase 

i 
18 19 20 21 22 23 24 25 

time (ms) 
(b) 

Fig6 (a) Simulated three-phase current waveforms and (b) fault detection 
indicator laslm for an internal fault case 1. 

for the intemal fault case. Fig. 6-(a) shows the simulated 
current waveforms of phases a, b, and c. It is obvious that the 
current of phase-a contains large decaying dc offset 
component. In this paper, the threshold setting of TH is 
chosen to be 50. Fig. 6-(b) indicates the fault detection 
indicator as of a-phase increases as the fault occurs while 
those of b-phase and c-phase still remain zero approximately. 
That la,] value will be greater than threshold setting after 
fault occurrence such that the fault can be detected. It is also 
easy to distinguish fault occurrence in which phase from fault 
detection indicator as. 

2) Case 2 
Fig. 7 depicts the behaviors of fault detection indicator as 

for a phase-'a' to ground fault whose fault inception angle is 
changed to be 90 degrees. At this time, the current contains 
no decaying dc offset component. Since the transient current 
signal still contains DC component after fault occurrence, the 
proposed fault indicator la5\ can detect the internal fault. As 

shown in this figure, the faulted-phase 'a' is correctly 
identified. 

3) Case3 
This subsection presents the responses of the proposed 

scheme with respect to an 'a'-'b' phase to ground fault. The 
fault position is set at 40 km away from bus A. The fault 
resistance is 5 

Fig. 8 describes the response curves of the fault detection 
indicator as under this double-phase fault event. As seen from 
fig. 8-(b), it is worthy noted that the DC component of the 
fault current (a5) increases in a-phase but that decreases in b- 
phase. Fig. 8-(c) shows that the proposed fault indicator fast 
detects the fault and correctly identifies the faulted-phase. 

and fault inception angle is zero degree. 
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Fig.7 (a) Simulated three-phase current waveforms and (b) fault detection 
indicator [a5Im for an internal fault case 2. 
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Fig.8 (a) Simulated three-phase current waveforms, (b) fault detection 
indicator a, , and (c) fault detection indicator [a,[, for an internal fault case 

3. 

The fault detection indicator as, which copes with the 
judgment of the fault occurrence, such an arrangement has 
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verified that the proposed fault detection scheme can perform 
well in this study. 

V. CONCLUSIONS 

A dyadic wavelet transform based approach for 
transmission line protection is presented in this work. A 
simple and effective fault detecting approach based on dyadic 
wavelet transform is completed. A fault detection indicator 
based on the discrete approximation of the Haar wavelet is 
derived. The abrupt change of current component of the fault 
current for a power system can be detected by the dyadic 
wavelet transform by using the one-end current information 
as an input. The fault detection indicator also can achieve the 
task of faulted-phase selection. The simulation studies 
demonstrate that the proposed algorithm is feasible for 
transmission line protection. 
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