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ABSTRACT

This thesis proposes a method for detecting harmonics current in
the adaptive active harmonic filter with Recursive Least Square (RLS) algorithm. The
proposed method is based on the theory of noise cancellation adaptive filter. Originally,
the theory was used for audio signal processing, but this thesis is applied to the harmonic
current detector of an active harmonic filter.

The principle and construction of the harmonic current detector in
the adaptive active harmonic current filter with Least Mean Square (LMS) algorithm and
Recursive Least Square (RLS) algorithm are presented to compare the efficiency of both
algorithms. Then simulate these two algorithms with Matlab-Simulink program to
simulate the three case studies. All three case studies that simulate are generally
available in industrial plants.

The simulation results show that the harmonic current detector in
the adaptive active harmonic current filter with the LMS algorithm and the RLS algorithm
can detect the harmonic currents in the power systems. However, the RLS algorithm is
more efficient and has less error value than the LMS algorithm. Therefore, it is confirmed
that the RLS algorithm proposed in this thesis is appropriate to use with the adaptive

active harmonic current filter to really work in the industry.

Keywords: Harmonic, Active Harmonic Filter, RLS algorithm
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91AINY1UNUS "Adaptive Power Line Harmonic Detection For Active Filter

Applications,” 1ng Weidong Liu, Ryerson University, Toronto, Ontario, Canada, 2004. I
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— Non-Linear
Load

Active Filter

JUN 3 venlaszunsunisvinuresiinsesesuetinuuumenivl
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i,(t) =I;sin(@® + @) + Y2, I, sin(n® + ¢,,) (2.3.1.1)
i, (t) = i(t) + i (2.3.1.2)
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i)(t) = is(t) +ig(t) (2.3.1.3)

WNUAIRIN (2.3.1.3) adlu (2.3.1.2) azle
i (t) = i5(t) +ig(t) + in(t) (2.3.1.4)
i (t) = i5(t) + icomp(t) (2.3.1.5)
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gnsueiln

= P Y s a A o . a1

mukanslugun 3 Mnsesnssuassuetnuuuieniininnseua ip veslvanilailu
Wadulagaudntanuainszid nUUAINTOINTELagNsualALUULaATINUSEUIaNE
nszuailiduaosdinAonsEuanfieINIvAYY igompy @nszuangnunweililianznseua
8159 N0 1 AYIITIT I UVINTEUATAMUINTOAMAINTIAUMIE) UaZNTEUATTIN

Llagnsunau is Ngnneasannunasinglih



2.3.2 33n15M5IIUNTTHETITUBNNLUUAWAUYDININTDINTLHATISUBUNLUY

LA

nsasadunszuassuednlusyuuliiidudiuiiddaunvessasamuauuesd
nsoanseuasnuelinuuukeain 61n1395333UNTERAESURTnlgNABY AanTeenTewasns
uefinuuukeniinl Allannsamdnnseuassueiinluszuuliinlfedradiussansam dau
Tuineninusisainauesasimunisnsasadunseuaesueinlussuulniingedinisiid
Uszansnmuntu

Bsvensasmunlagigluvesiinsesnszuasiueinuuunoadiv fasangudo
FEn1svavedieaud oy (frequency-domain compensating methods) Lagi5n1s
YALHAIBLIATAY (time-domain compensating methods) [2]

Fnsvawesieanudiagy ﬁamwﬂ%vjﬁammﬂa%m%’u vunszualnansniinld
Tuszuuliih diewsndyanunseuagiueinesnandyaianseualdnuas wasUsziia
mdyaansTaasae Sensiidleiunssuaesueiniilideideaniduraeg wiluanudy
aslulsanugnanvnsu nszuaensueiniAnaninaniliiududulasiinszuassueing
aoanan fedindnegrsAeiimsvarefemnuilawy TiSensunesiudu fosnisian
Tunmsuszanaraunyiliinn1sa1t ladanunsaniuauiuunaiasld (real time control)

Bsvawedsnailawy Tutunsduiaussiusasnssualiitlussuudivos
namiwdUsTnamdyIunszaraee Inendnnisuds 3ansiaunsavaeeleina
nszuasnsueiin Frvmgvienseuasnsuainanisld waddesdndideseenuuuianiziiie
patunszuassuelinusaraialiausansndunssuasnsuednlinsouguynaudluni

NEADP]

L

2.4 wUIAAYBIRITUAYINTUNIULUUUTUA ALY

ANNFIVDNLAINITATIVIUNTELATISUDRNLUUAILAUNIITNATUALLEAILAINUD

o w

Tawu wagisnisuaseaignalamuiltedngn luidsiazinauoiuifn 150115092930
dygrunszuagnsuelnuuuliuaile Felidnszuasnsueiinlussuuluiiagidsuuyas

gils WnstiFeaunsansiadudygrunssuasnsuelinlaegrediusz@ndaim 38n15ns19du

v v

dyunssuagsuetiniuuliumlaluingdnusilatmuiunanmg el ven1sdudyayin

o 1 Y = 1 a ad v o < ad o LY o v o
iUﬂ?ULL‘U‘UUi‘Uﬂ"II@ GU\‘]LLG]L@ZLI‘VIZ]‘HQUI@Qﬂ'lﬂLﬁu@LIJ‘L!’JﬁﬂWTUi%lI'JaNﬁﬁ']%?Uﬂ"l"ﬂ@ﬁiy,iyJ’]m

Y

4 = 1

sumuleanandygulidaasilasu indsusdyaiundeanis nuiaiunsaesuie
lalugud 4 [2]



Signal stn,
Source

System
+ Output

Noise n, The y

Source Q) P Digital
Filter w(n)

The
Adaptive
Algorithm

JUN 4 vdenlaezunsungufnismdndessuniusuudiuaila

Wuwesnanaztdudiiulindain s wardiasuniu n, suiuduy

a Y

s+n, el udygradunaidiginsewiinuiualaes lnoduwesdndiaziu

LY [ [y a a !

UM n; Febifiauduiusiudyeu s weduiusiudyaim n, 1ne dyeu n, di5enin

o

Y Q v o/ o

Tyayrauenedsdagnliiiusasiedyaamauwny y wavdan y dgninassilndifgediu

Y
% (7 v v

Q0 N, wazgavinedmygiae1fnaretssuunfenIsuLedymIn s+n, 119Enaneiu

1y yey yey
[} = Y & (%
el vy geaglailudyen s+ney

TunauIdusuAlaLes (The Adaptive Algorithm) 1AnaInA15SUd U MuO19B LAY

doyaauemnnnUssananaUTua win) e lrdmaa y Inalhesiudayain ny wagvinauil

A7}

uluiSegaunsensdyaa Wilnadyain ny 11nNgn

o a

N33UIUNIIMIRFYYIUTUNILLULYSUAT LALB Rz U uIady B unn 9B anas

UFudygy ot man 1 uduneuls Least-square 13U Tumnouds Least-Mean-Square

=

algorithm) wielvideyayrauiianana (error signal) nauauasiudyyraueng Feandenld

%umauﬁ%ﬁgﬂﬁm nszuUNsMdRdaIusuNILLULUSUALAeY ansausudyaaiey
negasaiiewhliduaaRanaintesaniose

W s, ng, n; way y Wuandeaisn wagly s ldflanudususiv ny way n; wa ny &
ANNENRUSAU n, dyananeimnazlanaaunistnaans

E=s+ny—y (2.4.1)



N dowEndnwes (2.4. )zl
€?=s52+ (ng—y)? +2s(ng —y) (2.4.2)
TirnAanTataansdng (expectations) vos (2.4.2) uaziiiesain s laifiaruduiug
U n, wag y ala
E[€?] = E[s*] + E[(ng — y)?] + 2E[s(ng — ¥)] (2.4.3)
= E[s*] + E[(no — ¥)?]

nszvaunstidesnsliiommiletdesiga(minimum)isiu
Emin[ez] = E[sz] + Emin[(no - y)Z] (2.4.4)
€?]

waz E[(ny — y)?%] aswidetosunn Aoms y NlaAs1useunaves Least Square Nfvan

ianTEUIUNSIIndyaasuNIuKUUUSUAN AU SERaNaLayyIunandn E[

dwsudunm ny

TupeuIsTlamTunsruIunsMdadyausunIuLULlTUAlaTlagnang Tunowds

v A

Fifoufuiidunouds Least Mean Square (LMS)ag Recursive Least Square (RLS)

2.4.1 YUMNDUIS Least Mean Square (LMS)

(%
v

aa [ ] acdy Yo A [ [y J
YURBUIT LMS L‘U‘L!“U“LW]E)‘LJ’JG‘VII“U?IHJJ’]ﬂ‘VIZ‘ZI(ﬂIUﬂiSU’DUﬂ']iﬂi@ﬂﬂﬁyﬁyﬂLLU‘U‘UTUV’]’]L@\‘]

1% [ 1

16 Wutuneuwisnusuasulanudadiuidudaduineanssauyani

a [y

NANAA LULAR

weight lelulauszandnminananlaefarsunaininug least mean square tHasa1n LMS

q

) ad af v Vi a ° Y ) v !
LUUEUUG]E]U'JﬁmSUQ']ubL@IQWULLagllﬂ']iﬂ']uqmuaﬁJaﬂ mLLaquammiGﬂNmﬂ

y(n) = wf(n).x(n) (2.4.1.1)
e(n) =dn) —yn) (2.4.1.2)
on+1)= wn) +ux(n).e(n) (2.4.1.3)

¥

e p ABAIAIN step size (0 < p < 2), x(n) ABFUIUO1BY nl wag e(n) Av

U IUEANAA s+n0-y

2.4.2 JUMBUIS Recursive Least Mean Square (RLS)

o
[

Junowis RLS WudunauisdudounitduneudsMS uadedrediniusilunis
USumauiagaussauiianituasinansenuanndyaradunateunintunaudsLMS [3] a1
Usganana win) vesunaudd RLS mlaan

on+1)= wn)+ddn).e(n) (2.4.1.4)
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2.4.3 nqufiUIBuLiguTUnauIs LMS waz RLS

v '
v ad a (% ! A

Tunauds RLS Wudunewdsnusuailiasgidngrmianaianiivensuls 1aisina

Y

JUADUIT LMS 3onandnienilede 1unauids RLS Tnattesninlunisusuanlaeudng

Y

a v

HAGNETIADINT wazdiinansenuivdyaudunaiesnitituneudd LMS Tuinerdnusatu

(% s

Q’ljd Y o g ad U a U/ 1 4
HAdlninauetunawis RMS Tunisnsiadudyauensusiinuuulsualaies

A

66) Y o o [ 1 v A V")
2.5 myussenaldiinsasdyarnuuudiualdleanansiadudygyin
-4 =
F1UIUN
n13n93unIEagsueinludsfionn esinUnAfeaduuinuazyuveInseud
g15u0TNIUNATY  Wie1RldIs MmNz THO NI oUNIDINAITIATIZH HUADYVININTS
Tanszuaund (nseuasiu) NlanudvanyawaznsziassueiinUzUuey a1ntuvitn1swndns
a o o Ay vaa s P = ) & &
nszuanuindnyasenly wadwsilanAsnszuassusiniuies [1] Fmdnnisiazidu
nanmsefiunguinsldinsasdndyaiusuniugiausualaes
i, () Wunszualdrsiuluszuulnin Fefinssuassuedniiinanluanldilu

Wadudsenavadaig nszualnil iy (6) arwsaleuludiusenavgeilagly Fourier

(%
=]

Transformation lagail
i,(t) = I..sine(w + @) + Xpp I, . sine(nw + ¢,,) (2.5.1)
i () = i,(t) +i,(0) (2.5.2)

Y
a

de i Wunszualulihenudiugi ez i, Wunanunszualiihenueinly

syuuliiin i;(t) Feaunsausneonidunssualufinese (active current) ig %aagiuLWa

Fenfuusedu U, uaznszualidiiatiousss (reactive current) i, dailymosenmsladiiging
U iy 90 perm fatiuauns 4.2 aansadeulmilady

i (t) = i5(t) + [iy(t) + in(D)] (2.5.3)

i (1) = (8 + icomp(t) (2.5.4)

INAUNTT 2.5.4 n3UALNT dcomp Junszualniifiesdemsadulaluszuu

[

IS < v [ v @ ¥ 1
Weuluguuuuvesudenlaezunsy vesnsesdyyiauuudiuanlaleadagudiaans

o
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A5N15ALLUNIS

3.1 AsaelontY

a [

’mmﬁwuéﬁwmmsmaaqag #09N15NAADY N1SNARBILINATLTUNIITNAADY
ew3ewfiou Ussansnimvesdunauds LMS way RMS Tnoazsaniieas vulsunsy
MATLAB Simulink wazn1snaaesfiaesazifiunisnaaslssansnmuestunouisvaasdly
nssratunssuasnsuednluszuulniinsiass eillnanliifudaduuanansiuaueings
Tnanfisreasisausiindaasouaquivaniiflugnamnssuliimmaduiunamasodunis

yeanafiaesialdlusunsy MATLAB Simulink Tunnsshasssyuulniia

3.2 35n15MAa0RNaUSaUgUUSLANSAINWVIITVUNBUIS LMS LAy
RLS

29959a@57190UlulUskNTN MATLAB Simulink tiian1snaaswUsauiiaulssansnin

[
Yo a

Y03TUABUIS LMS wag RLS fiswazideauvadudedland

3.2.1 Hryeurudunn

[ L3

[ a gz A a [
ﬁiyiyﬂm@uwGliUﬂ'ﬁ‘Vlﬂa@QuLUUN@TJ&ISUENE‘*]EUEU'WJGZI']EJUL’JWVIEJ?’I'NJJO“VTaﬂEQIJa

]

(fundamental frequency) Tunisnaaesiild 501850 AUdygIaLIBlIWATANURg TuDTn

]
= [

Jwaad [@Gunusivesrnudndnya 3,5,7,9,11,13) wazieutyn (amplitude) vosdeyeyiod

Aaztludiuvesaudansuedntugmudiiu (1/3, 1/5, 1/7, 1/9, 1/11) Jsuasiufinaun

PNAUADALAITINTIULDS (square wave)
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P4l Source Block Parameters: Sine Wave x
Sine Wave
Output a sine wave:

O(t) = Amp*Sin(Freq*t+Phase) + Bias

Sine type determines the computational technique used. The parameters in the two types are related
through:

Samples per period = 2*pi / (Frequency * Sample time)

Number of offset samples = Phase * Samples per period / (2*pi)

Use the sample-based sine type if rical probl due to g for large times (e.g. overflow in
absolute time) occur.

Parameters
Sine type: Time based >
Time (t): Use simulation time o, -
Amplitude:

1 ] | ]
Bias:
lo

Frequency (rad/sec):

|so*2%pi |
Phase (rad):

o |
Sample time:

o W ST D1 I, ]
Interpret vector parameters as 1-D

Q [ox ] cancel Help | Apply

"& Source Block Parameters: 3rd Harmonic X
Sine Wave
Qutput a sine wave:

O(t) = Amp*Sin(Freq*t+Phase) + Bias
Sine type determines the computational technique used. The parameters in the two types are related through:
Samples per period = 2*pi / (Frequency * Sample time)

Number of offset les = Phase * les per period / (2*pi)

Use the sample-based sine type if numerical problems due to running for large times (e.g. overflow in absolute
time) occur.

Parameters
sine type: [Tims bacsd\\ ¥/~ NS g, - e W SN 88 [T

Amplitude:
[1
Bias:

o X /). Ny ]
Bequsoy(todisse);s : J .
[s0%2%pi*3 |
Phase (rad):

o I
Sample time:

lo

Interpret vector parameters as 1-D

Q [ok ] cancel | Hep Apply
5U 8 Source Block vaamsnilwes getianlulusunsy MATLAB Simulink vesaiudven

= L3 a A !
ga (V) vasaungnsuaunyay (a19)
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3.2.2 doyayauseds

[

Y a A A
UIUDINDY ABDATYEUTUNUAIN

A

"iﬂﬂ‘l/li]‘H{]G]’JﬂiEJ\'iﬁiUﬂJ'mﬁ‘Uﬂ’JULL‘U‘U‘U‘JUﬂﬂﬁLEN

a.:l v v
HAslady e elnndainud

v YY)

UWUSAU wmmsumulumﬂﬂﬂmwm Tun1sneans

QJ

[ [
anyardudayayaoneds

= Ne

Voltage (v)
1.5

-1.5 Time (sec)

0 0.05 0.1 0.15 0.2 0.25

3.2.3 WeAYuUABNAINITBIIUNBUAS LMS

UABNMNTBITUABUIT LMS A1UIUAT weight 189N SaIusaduUseansiaasnis

a

Weandoianann e(n) TenIadyaIae19ng y(n) wasdyy1auiaeinis din) Weusie

o—

€

yanafiaudesnisnsesludmesndunn dyanadunporaduanarivisnnnosnodu
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LDIANADBNIINA YY1 UNABINTT

Input
Desired Output [>
Step-size LMS Error [>
Adapt Wis |y
Reset

JUN 10 viendinsestuneuds LMS
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3.2.4 Wenduuaanainsasunauls RLS

Ufionsinged RLS AuiAUsyanaaLsatesfian (RLS) vl weight fAansos

FIR vdenUszananisiuniindinsesisorduussansndniulunisudasdgyaadunali

a
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I3 s o ~ v ° Y] v
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Input
Desired Output [>
Lamda RLS Error [>
Reset wis |y
Adapt

JUN 11 vfendnsestuneuds RLS

3.2.5 nquMsUssUiguUTEENSAMNTUNUTT LMS uag RLS

A USeUL RS UUTEANTAINTUABUIT LMS wag RLS 19aa1n1n151119950190599

% v 3 aq :.JI aq v o o 4 Y a
UUIUIUNIUAIYVUABUIT LMS LagduUmdUId RLS Lalud1uINNNDIRVBINANA AU
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v ]

MIa092995uTBuAunII19aussaudunewisln 1dsvesiiaifegaussaulaiiiniiiu
RN FYYINANNDIAVIRANINILUANY HARUFTYEY 1D IANARONIINT Y Y IUTIRBINTT

e = A Ay a Yy A a9 aa & o v v
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Sine Wavel

Zd Harmenicl

Gain2

Gaing

Sth Harmonic Gaing

1 == # Input Output E

Lms Scope LS

| Desired Error

+ + + + + +

LMS Fitter

Effigency(LMS Fiter)

13th Harmonic Gain®

—]

Scope2

Effigency (RLS Filter)

Zd Harmeonic2 Gainl1
Sth Harmenic! Gain2

== P Input Output E
el _ Scope ALS

| Desired Error

RLS Fiter

B

11th Harmonic1

13th Harmonicl Gaing

5UN 12 199s5i3guiiieudsednSnmadunaulds LMS uag RMS

3.3 38N1MAaRINIsIVAY I Tustinluszuulnikuuusualdiadiag

YuRDUST LMS wag RLS

nsneassn1sIvdygraesueinluszuulwiuuuusualaedaedunauis LMS
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LUsiNsU MATLAB Simulink snsaifinwvisanusuuninaedldlunisveassil Faaseunguyn
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n3fufnwIN 2:
dwsunsaifinwi 2 1Wuaeesseuuli 3 wlawuvauna (U995 3 wid safliess
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Continuous

2

Qurrent Measurement

powergui
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R & M R

LOAD B LOADC

A
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Curnent Measurement2
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Cufrent Measurement3
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4.1 wan1snsendayanimaasalieuliisulssansnmIunauls
LMS wag RLS

nsneasusnaziiuniseasniielUefioy Ussansamusstunewds LMS uaz
RMS Tnesnaein1svinauaesdunewds LMS uaz RLS #aeTusunsy MATLAB Simulink Tag
e Step Size (mu) veaduneuds LMS U 0.07 way Foreetting Factor vostunawis
RLS 1Hu 1 2n3uil 16 LanUsEANSAINTeunewdE LMS uazduneauds RLS azifiuin
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Abstract

This paper presents a method to detect the harmonic current
for active filter based on the theory of noise cancellation adaptive filter
theory. The theory was originally developed to process the audio
signals. This theory has two popular algorithms i.e. Least Mean Square
(LMS) and Recursive Least Square (RLS). This article was analyzed
and compared the advantages and disadvantages of both types of
algorithms by MATLAB Simulink program. Then decide on the
appropriate algorithm for improve the efficiency of adaptive active filter

in the next researches.
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Abstract

This paper presents the analysis efficacy of Recursive Least
Square (RLS) to detect harmonic current for harmonic active filter
which applied from noise-cancellation adaptive filter theory. The theory
was originally used for audio signals processing, but this article
developed the theory for harmonic active filter by simulation with
MATLAB Simulink program. From simulation results of the electrical
system in the factory that can made the harmonic current in three cases,
the proposed method can detect the harmonic current effectively, and

can be further developed to create a prototype in actual use.

Keywords: harmonic, active filter, adaptive filter, RLS algorithm
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Abstract—This paper aims to develop an efficient method
for accurate detections of harmonic current distortions in
power system for control of an active harmonic filter. The
adaptive noise cancellation theory was originally developed
for noise signal processing is applied for this control for
active harmonic filter. There are many algorithms for
adaptive noise cancellation, which lease mean square
algorithm and recursive least square algorithm are most
used. Since recursive least square algorithms is more
effective. Therefore, this research has carried out a real time
implementation to detect harmonic current distortion in
power system by using digital signal processor kit
TMS320C6713 for the adaptive harmonic filter.

Index Terms—active harmonic filter, lease mean square,
recursive least square, digital signal processor

I. INTRODUCTION

One of the major power quality concern in power
system is harmonic current distortion. These disturbances
may be cause by nature such as lightning or by non-linear
load such as large power electronic equipment, for
example the high-power electric drive this equipment
develop for energy saving but the same time also created
harmonic current distortion. The naturally occurred
disturbances are usually transients that can be protect by
protective devices such as surge arresters, and this
disturbance are last for a short duration. But the
disturbances by non-linear load will stay in the system as
long as the load are operating. These disturbances can
cause abnormal operation of other equipment nearby or
even damage them. Also, can affect the operation of the
equipment that created the disturbances.

Active Harmonic Filter (AHF) is the equipment that
can effective eliminated the harmonic disturbances
caused by non-linear load on the power system. An active
harmonic filter is basically a power electronic inverter
that, can detect the harmonic current distortion in the
power system, and inject equal-but-opposite amount of
compensating harmonics current in to the power system
to cancel the original harmonic.

Manuscript received May 21, 2018; revised August 3, 2018.
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An AHF basically consist of power inverter circuit and
control circuit. First, the common operation of AHF is the
harmonic detecting unit in the control circuit get the
signal wave form of the power system voltage and current,
and then computes the required compensation current.
Second, based on the computed compensation current, the
control unit generates firing signals to drive the inverter
circuit. Finally, according to the firing signal, the inverter
generates the compensation currents and injects them into
the power system to eliminate the harmonic current
distortion [1].

The most important step for the compensation current
of AHF is harmonic current detection. If the harmonics
are not detected accurately, the power system can be
either under-compensated or over-compensated.

There have been many methods proposed for the
detection of harmonic current in both frequency-domain
and time-domain, but the applications of these methods
are limited because of the restriction and assumptions
made during the development of the theory. Their
performances vary depending on the mains conditions
and power electronic loads.

In this paper an adaptive harmonic current detection
method is developed to overcome the above-mentioned
problems. This method adapts very well to the change of
loading and provides accurate detections of power system
current distortions.

II. BASIC CONCEPT OF AHF

The basic concept of AHF simply uses a power
electronic inverter to inject equal but opposite amount of
harmonic current into the power system to cancel the
original one. A typical AHF circuit is composed of a
power circuit and a control circuit. The power circuit is
commonly a standard inverter. The control unit consist of
three subunit, a harmonic detecting unit, a filter
processing unit and an inverter firing unit. First the
control unit samples the instantaneous waveforms of the
power system voltage and current, then determines the
waveforms of the compensation current required for
eliminate of the system harmonics. Based on the
computed compensation current waveform, the control
unit generates switching signal to the inverter. The



inverter then injects the compensation current into the
power system to cancel the harmonic current.

The basic operation principle of AHF shown in Fig. 1.
Us is the voltage source, Ly is the source impedance
including the power system impedance, i is the supply
current, V, is supply voltage, i, is the compensating
current, i; is the load current, and CT is the current
transformer or transducer. The non-linear load generates
harmonics current on the power system, and the active
filter injects opposite harmonics current to cancel them

[2].

Ls )
Vit s iL
e )
CcT
ic
- Non-Linear|
o Load
Active Filter
Figure 1. A simple circuit block diagram of AHF.

The wave form of voltage source Us originally is
sinusoidal but the voltage on the power system V;
becomes distorted when supplying non-linear load. This
V, is a function of load current. The non-linear load draws
non-sinusoidal current that can be resulted into harmonic
compensation using Fourier transformation. The load
current can be written as:

i, () = L sin(@ + @) + Xyl L sin(nd + @) (1)

() = () + in(6) (2)
Where i, is the fundamental current component and i,
is the summation of the harmonics current components.
The fundamental current component i; can be further
decomposed into two parts:
0 = i) + iy (1) A3)
Where i is the active current component which has the
same frequency and in phase with the source voltage u,,
and i, is the reactive current component which is 90
degrees out of phase of i;. Equation (2) can be rewritten
as:
(8 = i5(6) + iy () + i (D) )
From (4) shown that actually both the harmonic
current i, and the reactive current i, are needed to be
compensated by AHF i,,,. Equation (4) can be rewritten
as:

iL(t) = is(t) + icomp () (5)
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III. CONCEPT OF ADAPTIVE NOISE DETECTION

This section presents the concept of an effective
adaptive harmonic detection which is based on the theory
of adaptive noise cancellation. The theory was originally
for signal processing operation to cancel the noise
combined in a signal or to separate the good signals from
the noisy signals [3], as shown in Fig. 2.

Signal stn,
Source
System
+i Output
Noise n The y
Source 1 Digital
Filter w{n)
The
Adaptive
Algorithm

Figure 2. Block diagram 0f adaptive noise cancellation.

A signal is transmitted over a channel to a sensor that
receives the signal ”s” plus an uncorrelated noise “n,”.
The combined signal and noise “s+n,” from the primary
input to the noise canceller. A second sensor receives a
noise “n;” that is uncorrelated with the signal but
correlated in some unknown way with the noise “n,”.
This sensor provides the reference input to the noise
canceller. The noise “n;” is used to produce a
compensating signal “y” that is close replica of “n,” Then
this compensating signal is subtracted from the primary
input “s+n,” to produce the system output “s+n,+y”.

The adaptive noise canceller processes the reference
input “n;” and output signal, automatically adjusts the
compensating signal “y” through a least-squares
algorithm “@),” until the compensating signal “y” is close
to noise signal “ny” in other word until its output
continuously to minimize the error signal.

Many algorithms can be used for the adaptive noise
cancellation, Least Mean Square (LMS) algorithm and
Recursive Least Square (RLS) algorithm are the most
common used.

LMS is most simple and computationally less
expensive algorithm. Weight update equation for LMS is
given by (6)

A(n + 1) = A(n) + ux(n).e(n) (6)

Where (n) is weight vector for LMS adaptive filter. Y

is learning rate or step size and 0< U <1.

RLS is relatively complex algorithm as compared to
LMS algorithm. Also performance of RLS interms of
convergence and Mean Square Error (MSE) is better than
LMS. RLS adaptation algorithm filter coefficient
adaptation ¥n) is given by (7).



A(n) = A(n—1) — k(n).e(n)
Where k(n) is RLS algorithm gain coefficient.

O]

The efficiency of LMS and RLS algorithm are shown
in Fig. 3. These algorithms are simulated by MATLAB
Simulink, LMS algorithm step size (mu) is 0.07 and the
RLS algorithm forgetting factor is 1. The RLS algorithm
has the advantage in faster process adaptive to the end
point than LMS algorithm and less effected to the input
signal even the calculation processing is more
complicated than LMS and required more higher
performance processor. Due to the technology of
processor in the present day there are sufficient to
calculate RLS algorithm. So this research will focus on
RLS algorithm [4]-[5].
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Figure 3. Efficiency of LMS algorithm (top), efficiency of RLS
algorithm (bottom).

IV. APPLICATION OF ADAPTIVE NOISE CANCELLATION
FOR HARMONIC CURRENT DETECTION

It is quite difficult to determine the harmonic current
from the load current in power system. But if the
fundamental component of the power system can be
obtained, the total harmonic distortion then can be
calculated by subtracting the fundamental component
from the total load current. This is same to the adaptive
noise cancellation concept.

Fig. 4 shows the block diagram for the active filter
control using the adaptive noise cancellation algorithm
for power system harmonic current detection. The
primary input signal (i;) from current transformer (CT)
that transformed from power system load current. From
(5), power system load current i;(?) is combination of iy (z)
and i.up(t). Since voltage source have fundamental
frequency and in-phase with i (z). According to adaptive
noise cancellation theory, the reference signal is
correlated in some unknown way with the noise.
Therefore, reference signal is source voltage signal u(?).
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That, get from potential transformer which connect from
source voltage.

Figure 4. Application of adaptive noise cancellation for power system
harmonic current detection.

V. DIGITAL SIGNAL PROCESSOR KIT (DSK)

Digital Signal Processors (DSP) are concerned primary
with real time signal processing [6]. Digital signal
processors are used for a wide range of applications
which includes communication, control, image
processing, also adaptive noise cancellation for speech
processing. These processors very cost effective and can
be reprogrammed easily for different application.

The C6713 DSK is a low-cost standalone development
platform that enables users to evaluate and develop
applications for the TI C67xx DSP family, block diagram
of DSP TMS320C6713 from Texas Instruments is shown
in Fig. 5. The DSK also serves as a hardware reference
design for the TMS320C6713 DSP. The DSP on the 6713
DSK interfaces to on-board peripherals through a 32-bit
wide EMIF (External Memory Interface). The SDRAM,
Flash and CPLD are all connected to the bus. EMIF
signals are also connected daughter card expansion
connectors which are used for third party add-in boards
[7], physical overview of DSP TMS320C6713 from
Texas Instruments is shown in Fig. 6.
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Figure 5. Block diagram of DSP TMS320C6713.



Figure 6. Physical overview of DSP TMS320C6713.

MATLAB is used as an interface for calling code
composer studio (CCS) and then the program loaded into
the TMS320C6713 [8]. First of all MATLAB code for
the desired algorithm is written and then simulated for
obtaining the result in MATLAB graph window.
Diagram of MATLAB interfacing with DSP is shown in
Fig. 7. However, the code written for MATLAB or the
designed Simulink model can be direct loaded into
TMS320C6713 then we can also perform some real time
result depending upon the used algorithm [9]-[11].

Link for Code Composer Studio Development tool
Function calls Debug RTDX
Data Manipuiation
Code Composer Studio
C2xxx / Chxxx / Chxxx

Figure 7.  MATLAB interfacing with DSP.

VI. HARDWARE IMPLEMENTATION

Best result in simulation were obtained using RLS
algorithm therefore we will use RLS algorithm in our
hardware implementation. Although computational cost
of RLS algorithm is high as compared to LMS and others
algorithm. Hardware for adaptive harmonic current
detection block diagram is shown in Fig 8.
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Figure 8. Hardware setup block diagram.

The power system load current signal (i;) is used as
original/desired signal and power system voltage signal
(u) which same fundamental frequency and in-phase with
active current (i;). These both signals were then converted
to stereo signal via stereo connector and used to input
data to Digital Signal Processor Kit (DSK). Analog to
Digital Converter (ADC) was used to sampling the input
signal. Block diagram of adaptive harmonic current
detection by RLS algorithm running by using
TMS320C6713 DSK as shown in Fig. 9.

DSK TMS320C6713

Power i (1) = i (1) +i g, (1)

System
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Signal iy(t) Harmonic
Current fﬂ""’i‘m
detection DAC

Power 1l

System u(t) = Usinew afariie RLS algorithm

Voltage Signal -
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Figure 9. Harmonic current detection implementation.

VII. CONCLUSION

From the study, the adaptive noise cancellation which
originally from noise signal processor to detect harmonic
current in powers, there are many algorithms can be used.
Even the Recursive Least Square algorithm needs more
computation, but its algorithm also give better efficiency
than other algorithm. We develop the noise cancellation
by Recursive Least Square algorithm to detecting
harmonic current in power system. Since DSP usually
are used in communication, control, image processing
also noise signal cancellation hardware work. Based on
the preliminary study, DSP TMS320C6713 can apply to
be the hardware for harmonic current detection of active
harmonic filter in power system.
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