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Application Of Wavelet Entropy Based
Algorithm On A Facts Compensated
Transmission Line

VanaKalyani* K. Sravanthi** and K.Durga Syam Prasad***

Abstract : Protection of transmission lines with the combination of advanced FACT S devicesisvery
complicated task. Inthis paper distance protectionisapplyingon FACT S compensated transmisson line.
Along withthis, to detect thefaultson transmission lines, type of those faults, and location of thefault an
agorithmisproposed. For analysisof fault current and voltagesignalsof the ling, DiscreteWavelet Transform
and wavelet entropy caculationsare used. The proposed wavelet entropy algorithmalso be used to find out
which phasesareinvolving inthe fault to make the salvation easier. The proposed test syssemand theresults
can beobtained usng MATLAB/SIMULINK.
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1. INTRODUCTION

Transmission linesare essential components of the electrical power system and its protection isimportant
for ensuring system stability and minimizing damage to equipments due to faults that might happen on
transmission lines. In past, there were so many difficultiesin construction new generation facilities and
transmission linesdueto energy and environmental problems. Constructing new transmission lines makesthe
system less security and inadequate control [1]. Therefore, it is required to increase the power transfer
capability of existing transmissionlines.

FACT Sdeviceshave becomevery popular and giving very effectivesolutionfor many power sysemtransmission
problems. FACT S devicesare employed for various applications such asincreasing power transmission capacity
of theexisting lines ,improving the steady state and dynamic stahility limit, improving damping of different types of
power oscillations, improving voltage stahility, reducing the problem of sub-synchronousresonanceand improving
HVDC link performance[2].

In this paper, two of the FACTS devices are using i.e. SSSC and UPFC. The static synchronous series
compensator are used to provide series configuration and SSSC in a power electronic based voltage source
converter (V SC) that whichin quadrature withthelinecurrent. The SSSC can provide either capacitive or inductive
series compensation independent of line current. The UPFC is capable of providing smultaneous active and
reactive power flow control, aswell as, voltage magnitude control. UPFC iscombination of SSSC and STATCOM
which areinterconnected viaDC link. Transmission line protection on containsof threemain tasksi.e. Detection,
classfication and location of thefaults.

* PG Sudent, Vignan's Ingtitute of Engineering for Women, Duvvada, Visakhapatnam.
** Assistant Professor, Vignan's Institute of Information Technology, Duvvada, Visakhapatnam.

*rx Associate Professor, Vignan's Institute of Engineering for Women, Duvvada, Visakhapatnam



110 VanaKalyani, K. Sravanthi and K.Durga Syam Prasad

Earlier manua power system monitoring and relaying proved their inefficiency in making the system hedlthier.
Fault identification and phase selection became complicated after theintroduction of power electronic devices. A
TCSC withfixed capacitor usng EMTDC package, Daubechieswaveletsare employed for dl typesif faultsand
in different operating conditionsfor fault section identification and phase selection[3]. Severd fault location
agorithm have been proposed and gpplied for determining the fault location ontransmissionlines Wavelet transform
has good time frequency localization ability and it particularly adapted to analyze the singular signals caused by
faults[4].

Multi resolution anadysisis dso known asMulti scale approximation. It isthe method of design of discrete
wavelet transform. Andit isthe judtification for the lgorithm of the Fast wavelet transform. MRA wasintroduced
by Stephane Mallat and YvesMeyer. Inthefields of applied mathematicsand signal analysis, wavelet theory is
rapidly developing. MRA providesnatura framework for better understanding of wavelety[5].

Henceit isproposed, wavel et transform providestheory basisfor fault detection. Wavelet combined entropy
canmakefull useof localized feature at time-frequency domains. Unsteady signalswere dealed through wavel et
andysswhileinformation entropy expressesinformetion of the sgna. Because of that, wavelet entropy can analyze
fault signasefficiently. The algorithm determinesthe type of the fault and finaly the agorithm selectsthe phases
involved inthefauit.

2. WAVELET TRANSFORMATIONWITH MRA

Thefreguency spectrum of asignal is basically the spectra (frequency) components of that signal. And the
signal frequency spectrum showswhat frequenciesare existing inthesignal. Fourier transform of asignal gives
frequency-amplitude representation of thesignal. Fourier transform gives only the spectra content of thesignal,
but it doesnot giveinformation about at what timethose spectral components appear. Therefore, Fourier transform
isnot asuitable techniquefor non-stationary signal. The Wavelet transform developed asan aternative to the
STFT. If we passthe time-domain signalsfrom various high-pass and low- passfilters, which filtersout either high
or low frequency portions of the signd. This procedureisrepeating and every time some portion of the signal
corresponding to some frequencies being removed. Thisoperation isknown asdecomposition. Wavelet transform
givesavariable resolution, whereas Short time Fourier transforms (STFT) givesafixed resolution at al times.
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Fig. 1. Frequency resolution.

Two fundamental equationswhich determinesthewavelet caculationsare

it = ﬁ;hm(zt—k)
y(t) = ﬁghkcp(ﬂ—k)
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Thewaveet and scaling functionsare prototype of orthonormal basisfunctionsof the form
(Pj,k(t) =2k (P(Zj t—K);j, kez
\ka(t) =22@2t-K;j,kez

Where

Jcontrols compression and dilation of function in amplitude and time scale. And k controlstransation of
functionintime and zisthe set of integers.

3. FAULTDETECTIONANDPHASORESTIMATION
(A) FAULT DETECTION

Wavelet transformation alowsvariable window technique and it isvery useful intransent sgnd analyzation.
Thefirst decompostion level of themeasured current signals using mother wavelet detectsthefault. Faulty sgnals
arehigh frequency sgnals. Thelength of the window isequa to one cycleof the fundamental frequency whichis
used for fault detection. In this state the normal value of any phase exceeds a certain threshold value which
indicatesadisturbance.

Norm of D1 measuresthe amount of energy contentinD1

N V2
D1y = {Z D'(k)}
Number of the detailed coefficients at that level.
(B) PHASOR ESTIMATION

Themeasure voltage and current signal phasor at fundamental frequency can be estimated using 60 hertz
sinusoidal reference signal (R1). Using “db4” mother wavelet, for the each datawindow reference signal and
measured signasaredecomposed into two levelsof decomposition. Fromthe gpproximeate coefficientsA2 vector
of the second decomposition level, the phasor are estimated. Here R1 isareference gna. Theangle 6 between
thetwo vectorsisdefined asfollows

0 = COSlL(Ale ’ Azs)j

‘A2R1|AZS”
4. THE PROPOSED FACTSCOMPENSATED TRANSMISSION LINE
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In order to find out the fault type and fault location of transmission line, and before applying wavelet
transformation onthetransmisson system, first of all afacts compensated transmission line hasto be designed. In
this paper, three FACT S devicesareused i.e. STATCOM, SSSC, and UPFC.

The gtatic compensator is used to eiminate harmonicsinthetransmission line. The static synchronous series
compensator isused to maintain thevoltageleve inthelines Unified power flow controller iscombination of static

synchronous series compensator and static compensator. The control strategies of shunt and seriescompensators
areshown below
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Fig. 3. Shunt and series control strategies.

The main advantage of FACT S device onapower transmission lineisto control real and reactive power
whatever the uncertainties happened inthetransmisson line effects onthereal and reactive power. Reactive power
compensationisthe main objective of FACT Sdevice. And also FACTSdevice hasto control real and reactive
power output from voltage source converter. In d-q frame,real and reactive power areexpressed as

q° qp

p= g(Vsdldp+V | )

3
Q= E(vsq|dp ~Vyle)
SincePLL cdculates V& 0, real and reactive powerscan berewritten as

3
p = E(vsdldp)

3
Q= E(—vsd|qp)
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In current control loop of V SI, themodulationindicesare

m, = Vidc(ud—stlqusd)

2
m, = V—(uq +L Wiy, + V)
dc
LSV\quAnd L dparedecouplingfeed forwardinputs. u,And U, arecontrol inputs. Inthe model, capacitor
employed in DC link instead of aDC voltage source. And aPI controller isto get areference of active power.

5. PROPOSEDALGORITHM FORTRANSMISSION LINE

When faultsare happening inthe system, the amplitude and frequency of the signal will change asthe system
change from normal to faulty state. Theentropy will change accordingly. It may become incapableto ded some
abnormal signalswhilewavelet can. Therefore wavelet transform aong with entropy givesbetter utilization of
locdlized feature at timefrequency domains. Theunsteady signalswere analyzed by wavelet transformation, while
entropy speaksabout information of thesgnal.

The proposed dgorithmfor transmission line detectsif thereisany faultsontheline. And also determinesthe
position of thefaulti.e. it isbefore or after the FACT Sdevice. Along with thisthe algorithm determinesthe fault
typei.e. SLGor L-L or DLGor 3L G And aso the algorithm determinesthefaulty phase. A DWT performstwo-

level symmetric wavelet for current signalsl , I, | and theground current | g e
g = 1+ 1+
Entropy coefficientsof thesefour currentsare then calculated. And thenthe sum of absolute entropiesof those

coefficientsfor the phaseand ground currentsi.e. suma, sumb, sumc and sumgiscaculated. Thesearearranged to
determine max1 corresponding to phase PP1, minl and max2 corresponding to phase PP2. These calculations
aso donefor voltagesin case theagorithm detected SL G after the compensating device. The proposed flow chart
proceeds asfollows:

 |f sumg <thl-—No fault
* |fsumg>thland sumg < 1—check
o if max1l<th2-No fault
o if max1>th2—LL fault, then check max1to find the position with respect to FACT Sdevice.
 |f sumg <thl—No fault
* |fsumg>thland sumg < 1—check
o if max1l<th2-No fault
o if max1>th2—LL fault, then check max1 to find the position with respect to FACT S device.
0 |f max1<th3-—fault after FACT Sdevice else before
* |f sumg>thland sumg>1—check sumg again
* |f sumg > 1000 —fault before FACTS device else after
* For afault before FACT Sdevice
If sumg <th5-3LG fault
dse
If sumg > max2— SL G fault
dse
if sumg <minl—DLG fault
* For afault after the FACT Sdevice
If sumg <th6 —3L G fault
Else
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| Input the three phase cusrents and ground cusvent |

l

Input the three phase voltages

I

‘ Perform DWT and calculate the entropy of the current coefficients I

I
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I
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The phase of the minimum entropy sum is the
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Fig. 4. Proposed algorithm.

If sumg >th6 then

If max1>th7 - DLG
Else

ItisSLG fault



Application Of Wavel et Entropy Based Algorithm On A Facts Compensated Transmission Line 115

» Determination of phaseinvolved inthefault
LL fault —PP1 and PP2
DLG fault - PP1, PP2 and ground
SLG fault — PP (if fault before FACT S device)

For SLGfault, if it ishappening after the FACT Sdevice, sumof current entropiesareincapableto find out the
phaseinvolved init. It ispossible with voltage entropy caculations. Minimum sumis considered as the faulted

phase
6. SSIMULATIONRESULTS

Thetest system fault resuls before SSSC are shown below :
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Test system results of faults after SSSC are :
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Fig. 8. Three phase current waveforms during 3L G fault after the SSS.
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7. CONCLUSION

Fault classification and section identificationinatransmission linewith FACTS devicesisavery chalenging
task. Someresearchersused current and voltage sgnalsto determinethe fault location and fault resstance only
without attempting to find thefault type and phaseinvolved. Earlier an adaptive Kalmanfiltering approach has
been proposed for protection of uncompensated power distribution networks and compensated transmission
system employing anadvanced series compensator. However, the Kalman filtering gpproach findsitslimitation, as
fault resstance cannot be modelled and further it requiresanumber of different filtersto accomplish the task.

Hence, it is proposed a new algorithm to detect and classify the fault and identify the fault positionin a
transmission linewith respect to aFACT Sdevice placed in the midpoint of thetransmissionline. Discrete wavelet
transformation and wavelet entropy caculationsareused to analyze during fault current and voltage signals of the
compensated tranamissonline. The proposed dgorithmisvery smpleand accurate infault detectionand classfication.
A variety of fault casesand smulationresultsareintroduced to show the effectiveness of such agorithm. Inthis
project atest sysemisbuilt usng SIMULINK. The resulting dataunder different fault typesand position with
respect to the compensating device are analyzed using the modified WE agorithm thanthat into consider the
system compensation. Thetest results show the effectiveness of the proposed algorithm.
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