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Fig. 7. (a) Block diagram of IRPT-based control of DSTATCOM and (b) block diagram of SRFT-based control of DSTATCOM.

ol SRFT 5 6l,5Ls S5k (b 3 DSTATCOM ey IRPT J 5 ol SLs Sk @ 7 s

DSTATCOM

! axd p-q 55955 A
 osthae il ol bz b ogd o 55l ool (sl alizd 5357, Gl5 (5,95 sl » DSTATCOM 8
w9y ool 5o el e ool las 7a IS 50 IRPT 5l ouiss solawl 8 (gl pl,5Ls Soby oS aulxe

WDigd oo Joas SIS Lo 5l eaisS eolatwl 0-0-B 4 oo > b slo b g 56 aw PCC slaslidy




33 PCC s 3y jio Iy 5 el o5 ol 40003 JEl 1, (5o I35 gm0l ot el e 0l e
)'| oaisS oolawl abc u5.>)l> L O—a—B & “.’3'?)L> IO B a2 s L)L’)'> (055 J)L..wo & u‘?’

Bigd (oo Jdd egSae S Jros

SRF 5,5 B
S el 55 4 oY el 40 Jgs ke w4 ADC ol 3 s sl S s, o
o Ja8 5L 5 aw g adl> SO Jleiwl 5l eswel cusay SING § €0SO w1y sla s 5l d-q—0 Lol
L @C (gla ailge) logi glo dilyo 5o o 00l oLis 7D USE 1o U8 mob oSl ol S e ooliial

b= 1,500 g 5Ldg OB sy sucs J o5 .C

oolazw! adss 5Ly (5 o3lasl dc ol5,35 5Ly ;0 S 5 4 aS o, 3939 Pl (g 0uisS LS g0 .aigi o Sy

A:>‘9 Lchb)‘d).gl.gdC olf);xf PI L5‘0.,\.2.:5 J)....S 6?5)5' U)*al-’é"ﬁé'-mgl-’)} )L‘J J}\odu}.}}o YIRS

Pls oaisS J2uiS (29,5 AC s o3l o Gayb 5l e e gt Olz o3 (5 aldge 5 ol (o0 Comay 5B S5
W8 sl adlge ¢ 38 >l sl Qlﬂﬁmdpq&udqéﬁ ol me.owqa B axly slaylo p b

‘09"1"50&"'" ‘




! aaxd Q)Lb'.';o S addgo 5955 D
9y orl -l PCC o solas oo JIgs 5Ly (s adlge Jloaxiwl 32k 5l oads aulons lgs sl 2 (g (0
5 Sige)le sbe plyr 6 aee il Gl (S ol Bae il Jlanyl Sdse e si (05 eal 8 4y 08

Ll S3lgtal (55l Gl (6 oy Hb By 5l CnlgS 10 5550 ST, e

ol (5 3 (5 addgo gl 5l E
a4 oY 09h g0 00ls plol (ANN) esims prac o ad 5l oslatul b b lo ol 5l ojlete cute Jlgs
b ¢ ailye) Adaline olsis 4 a5 el (LMS) . Sile 8o auye wi s8] slive s ANN a5 el 53
ol 2 s adlse a4y Bl sla (59 b (e Sl oSl (nl 09d (oo ASLD 5 (ks
Al oy, ol el sns higel 5Ly 4 W56 g 5 JSls oo Jlg ol (ulS 58 50 Adaline .cool sy

S G5l Ol s sk a ]y Coglsl sl 5-551) Olss 5 0L (Filsel bz sl Sige)la b ogl oo

e S wllaade .6
@S el mly el Gbb g Ll 6l vt 6,5 DSTATCOM (enlis J S oSS g Ubs,y (i sS
sl Slamde o ls 3575 dew Hlo> 3B 4w DSTATCOM 4 asrs 4w 316 4w DSTATCOM 0 81,238
STy Ky 0 bllds) yeysindls b gjle oz aiies Sl> DSTATCOM (lime 5 s lime slo s,
@l b 59 VSC L ogsl odsi 6 asly 4w VSC 5l ooliiul (sl (T &g 4 o0l e « sty Lsindfo i
dossylgz 518 4w DSTATCOM &S (0 o2l)8 (6 pdy Sllasil cdows jlo> 5B 4 DSTATCOM & luliss

Ll .cwl 650 6hls o9 9 eslasl cas e Llod 4 sl &b g0 H L VSC slewe p a5 10,500l (6 1320 5

Ol 50wl & wiie ola S (55 0lS sl oo 5Ly SYL jlre w> g dc o5,35 plp slo 5k J s

g 418 S a5 jo le g Sy




Sl o5l DlgslsS ol jloms w6 dulie el (oo (sl Alixdo 55 09l DlgsliS” ol 5lme o

e a1 5eS e Sy K5 pey90mily a5 Cowl ouls sanlie g o BT Jgaz 1o ool 00ls s
LIS sty Gdlojlin g o lwlls sl o y9andl 5 o)ls 15 ganr g 00, ;0 T Jlail b yojshusls 5 Sl (oo
oo alin jb 4 cwl b jo cwws BB Yaers o)L/l jojsaudly SO aiiis e a> o 5YL

igd JLio b 5 cblas glail g S0 slo a5 cwld glo (F5g asile lla>dle

09l slad 3,15 g ousgl sbd e piny 7

Biz )b 0,5 Gileie (lgr 55l mmmal aile g8 CodsS dguge G| )DSTATCOM a5 sl ouls snnlie
Oly sl oliws (5 0je> sl wallS Ly @8 Sl i 5o U5 0lyr il Ol 5 b Sise )l
Ll sl pol> Jl= 51 5YL  Swl DSTATCOM (5 auie ax ST .cosl gy sl 20595 plamm 50 (o law
Dgs e (659 yal &9 i (S alwgs 00l axlge Jluo iz glp Old> > ol ‘oa.;.ﬂ 4O

GO iz 5 05 (o &l ol aje8 Ay e 50 )l CodlS Sguge (5l p DSTATCOM oyl 5 o5l
dc ol5,35 L Wl o DSTATCOM (DG (5 dcgozme) ol Jp0 5590 slce o as iSUl odgs 0l (sl
5B 4w DG (5 4cgao L DSTATCOM .55 Jloxiwl DG (5 acgamo oS 59ups sl BESS L ol> 045
S s anse sl L g DG & degezme jlme o> RalS e | el (y3lgeli g (o i sla)l By o
oxt 5 6ok slo Gy (2l Gp sle ey wle pdianas 65 wlie 1 AT ead e sle eaSatss
L/g lga il o aS (g 590 olgs il ool ool dnwgi g cual 5 Ols5 @e Gl i H0 S o ool
e kol Gles Canles o ) Jies (o 398 (o0 s e ) Sy Sllug Cacl a8 S 18 0l e
A= o, DSTATCOM a5 jo 5 oS o dbm] ailfuis ajes bslas IS )0 5Ly mudass o g9o50 cpl oS

ol o ! c6lpy a1




DSTATCOM » ,Slos .8
S580 e 5 5 eolaiwl b woads Gl atws yo 5l aS daww Jlez 5B aw g dewws 4w 58 4w DSTATCOM 51 &,
95 955 o Flb 5 3l Joe oI (PSB) (5w S5l asgorme oIl ave 5 (55l aed b il
olis Glo iy, 9 dgd oo (i3S deww dw 8 4w DSTATCOM (ol s f 5 1b JSo j0 o0 ools lis slo
alol jo gl oo ol desws ,lg> 16 4w DSTATCOM (¢!, 33,44a,41,53,5d,5i sl S ;0 oo sols
o0l il (35 e 03l ()l daads y0 45 0 001 paemas (sl 1 (g5l st 31 0litl b o Shoe (5 dalllas

Al dole>

doums 4w 318 4w DSTATCOM A
JSo 0 Ab S jo sa eols ylad bg,) abl oo w0l 4w VSC sl a5 DSTATCOM (sl o ,Sles
Sygo ar byl gl (e ooy Las b 50,5 Oilste 5 b Sige)le il Gl olien 4 slls mulas ol 82
ooly lad b le 9 b Sidge )l ialS ol jes ay 5lg e sl £9b9e (nl sd oo Bl (aS id sl
e Ol gle plz il Sgeyle b glo bz «(iS) adss le L,z «(VS) PCC gle 5l 0d oo
sl b, ax 51 0gl oo ool lis 8@ JSu 40 PCC o (VS) 5Ly (s o5lail 5 (vdC) dC o535 55 «(iC)

Blate C olS )35 gl (oo 00 Lilte 5 pston g0 4 4 Gl Ol s Gilal 5 S el b

S oo welali puite sla by o fs Slade gl QT 5y g Cuwl ol> 095 VSC «

Olis gy o,lw/lds eyeamils g 1ime H s VSC slie v dows 4w 56 as DSTATCOM (sl o Slas
e slo o35 ocis das sla,b oo Ll sl )b ogi oo ools olis 8b UKo jo (Af UKo 5o sas sols
LS‘)? (VS) )U9 S o)'L).S‘ <! 400V Lgﬁ‘ﬁ JS dc OL?)K )LJ9 9 sle = ‘591.) 200V ).g‘).g dc LSLQ)LJg 59

595 on orkits wims o i |, DSTATCOM (i clibee 45 5 it (sl o gaie e




aowms )l 3 4w DSTATCOM B

sy S0y el L 5 525 s (sl 4 2 dsmfir 8 o DSTATCOM (s, (i Sk
ools (L g5 bz 3l ol 50k 09,5 Oilye o Sgele B L olyen 55T, Glgs S5l Gl s
S ol 6l oz L) Saigela b slo Bbyz (i) 45 sle b,z (VS) PCC sla jlly 558 oo
9 PCC o (V) 3515 s o3lasl «(iSN) i Jg b, «(ICN) 5l ol Jg b, «(Ln) L g ob,> «(C)
D9 oo o 5y i sle idu j0 8, Sles 05d o 00l Lid 3,50 o 0 (VAC) dC 65,35 5Ly

(Ba JSi o eads ools olad igy) 4l e VSC slewe ,» DSTATCOM o Shes 32l s 4l L= VSC A
39 oo oddline 0gd e ool plas 9a Sy et sla,lb cow Gl 0,5 slete Lol e 5L pulas (gl
as Sloy ,o wdss slo b,s ol 005 s 9ST) Gl 30,5 6 alwss |, PCC 5lig DSTATCOM a5
o pel iie glal coo dC o 435 5By ol edle igd oo (ilste wWited lgal b la Ly
D¢

L al 4w VSC s 4l » DSTATCOMslisy o Shas :ST5 S5 o9l s b Ii2el s aly 4w VSC 2
25k 0055 ilske belea PCC 5l o las (ol (Aa JSo p0 oads ools lis hs)) ST o5 09kl 5
slo b, aS Sley y0 4d%s o (b, a5 sl ool saalive 09 (e 00l lis Ob S jo ( Jas sla b
& &3l Ol ST S5 sepshadly 6 abowg Jb Gl nl 2 edle arll o (ilgte caits o5l L
D g

< 4L » DSTATCOM 5 wl 50 VDC sl o Slos o lw/lds joy50uils g Iimel 6 4l 50 VSC (3

C«z}“)l.g QQ; U)‘9"“‘° °‘)""2"\'5Q‘93 )BJGWLS‘)’ (4fJS~)o ol oo QLM.: w99)) o)ll.w/wo ).A)SM‘)J

Lol oy a5 6 wle Gl o o ks cle Glym oed e sols lis 108 S5 e s clal

29d (0 55l Ol ol pay5andl s (g alowgy Jg Gl «nl 2 odle ALAL (oo Gjlgie s p5linel




olis 5a S jo a8 ig,) 5 ST VSC aw s b 5B aw jeile,gail s sbgy o Sles 158 G VSC aws (4
b syl cod Jg gl le ol 5 005 Gilse b elyen jg idats Slles (sl (oad o3l
Ol g ale oo (Bl e 5 Oilete 4dn5 sla b > a5 Sl ool sasline gl oo ools jlas 10b S
O 35 5 sl (ol 055 AC o535 )y ogdle 098 (oo (g3l Ol G3lseli L slo By cod > g
25l oo el psie oyl o ae e (gl

aw VSC s 4l » DSTATCOM sbgs o, Sdae :T JSo 4 o0 faie yoy50uil 5 b lizee 6 4l a4 VSC (5
Loolyon olg5 ;551 s (6l (B Ko 5o oas ools lis (2g) T USCs @ o e yo)9iil 5 b by
Bld s 2 jgo bk (al 09d (e 00l (L 10C IS8 50 Sigeyle sile Gl 95k 0955 Oslete
aiwd ileel b sl > oS gloj yo g adas sl L > s lis ) s Soge )l Bis U wigd oo
S5 4 oad Jaie poyghuly (5 Aliwsy J5b 0Lz il 2 ogdle Nisd (o (owgiin 9 (ilge )l Siigela
Psd oo g3l Ol T

& 4L 59 VSC slie o DSTATCOM slgs o, Shas 0,liml g5 (s o905 b 1o (6 4l 90 VSC (6
b Ol b olyen 5y welass sl OF S5 5o oad ools lid (g)) o bl g (2 yo 58l 3 b 3one
s b ek Gl S Ul ol 3y e ool s 100 US55 b 005 e 5 Lo Saigals
Ol o)liw [ sty G oysisls (6 abwsy oo 0oz oo Gl ) e Sige )l Bim b gl oo a8
9 b bl b a5 Jloy o ads gla b ,e aF el oals caalive (pl poogdle 09l o (g5le

Bl g0 Gl 5 (s e ()3lgal

DSTATCOM sleo Shos (5 aumlio .C

Slles (viw Hlel e slayl Lyl b g ase cos VSC a4 3laie dC o535 5Ly a5 sl o0 odaliv

Soype a0 If IS 50 ead sols lis by, Mgdh oo eudas DSTATCOM 5 daen slp ol> 045




S Az, g ble, des la olfiws slows Bl ye> Sl diedgw dosw 4w 3B 4w DSTATCOM
IS 50 o eols lis 6wl 4w VSC s a5 DSTATCOM sl puz yo 90l sl Ll sjlo 1) as 50

Dol (oo Trkae 05 gad 00ld i e yghdl i G oS Sy 0 1b
2 0y Sy 5 (ool 00ld e ders gz 518 4w DSTATCOM (gl 5o y50uil 5 a8 Sloj 50 el j5bo @
STy S5 yepshesl o Djganl 58 )0 350 (o grle 38 S5 55 oad ool i 5wl Loz VSCV s 4l
dosw 4w 5B aw DSTATCOM & 90 a0 5F JSo j0 oo eols plas H (L VSC s b p bg, g e
Jre a> o eSS Gl S5 K5 jeile gl g 0yl 1) Lla,y dad (slo olSiiws slaws J8las ez Canl diod gun
5o o 03ls i (6l 4w VSC (g aly (39, 5 ST5 S5 yopsinndl i ol ogdle il (o DlgalS sl
Sl g oo T Sjgo @ ol Jate sloyeysanily b alin gl (g, 098 o0 4l cls 43 IS
ad 3l oolaiwl bl ceslin il Sguss oo 90l 5 (6 aliwgy ool oolatul o Lad ol o aS oleo S
el o 4> L Lol el o0t 00l L ¢ 428,55 15 b jo jgieil 5 i S il s 8 ,Slac a5 la (g3l

Dg oo S35 Hlae W ey auil 5 slaws g 5Ly

S5 4 9
5 gy (s ssbiie 4 5B A (158 @5 el 50 Ol CodeS S5ute sl DSTATCOM ol (65515555
oz 50 dwlio g 2hb Sllaxde (00 $5809ST (380 (goiy Alwd el oals &I S gle SUST
42 51 a5 DSTATCOM sla g, o ,Shos .Canl o0 00ls ol slos 0,5 51, DSTATCOM (5 ool i3S

@.79436‘)3 %;‘51) Olg Gilw ol cunl sl dlm! g5l ad 5 Joe ‘@‘)JGLS‘G‘)‘BL;*’))% RNV ES

DSTATCOM (ely; J5 bz sl ez 5 5k 0955 cifsie do Sigo o i iy weliss b ol ST

L ol o DSTATCOM (ol 45" Consl sual sl 00y 3l,) docs jlg> 56 4o DSTATCOM 4 aos as 318 4




s 1S 33 3355 s 33 g5 kS [ilis Ly a5 i S odg lolb gl o Shas iles

[28] P. W. Hammond, “A harmonic filter installation to reduce voltage distor-
tion from st uprwn:r converter,” IEEE Trans. Ind. Appl., vol. "4 no. 1,

REFERENCES

[1] T. 1. E. Miller, Reactive Power Control in Electric Svstems. Hoboken, NI, I“’L “md““m'“l-. mﬂh“d”]""“"‘ ;E'E'E TN’" P"’“"’ D“f val 5 no. 3,

USA: Wiley, 1982, pp. 32-48. pp. 1536-1542, Jul 1990,
M tic Compensators for Reactive Power Comrol  [30] M. Bou-rabee, C. S. Chang, D. Sutanto, and K. S. Tam, “Passive and

:g, MB, Canada: Contexts, 1984. C harmenic filters for industrial power systems,” in Proc. [EEE
dt, Eleciric Power Quality, 2nd ed. West Lafayette, IN, USA: ENCON'91, 1991, pp. 222-226. B )
“k 1994, 3 “Trends in active power line conditioners,” in Proc. JEEE-
IECON'92, 1992, pp. 19-24.
imdau for Tmm‘:& shooters. Lllhum ("A U‘QA The I lrmnunt ll}‘J‘) [32] 1.D. I\"an Wk, “Power quality, power electronics and control,” in Proc.
[5] M. H. I. Bollen, Unders - Quality Problems: Voltage Sags EPE'03, 1993, pp. 17-32.
i i [33] A E. Emanuel and M. Yang, “On the harmonic compensation in non-
al systems,” [EEE Trans. Power Del., vol. 8, no. 1, pp. 393-399,

. “Trends in active power line conditioners,” IEEE Trans. Power
M1 ‘khlahbach D. Blume, and T. Stephanblome, Voltage Quality in Eleciran., vol. 9, no. 3, pp. 263-268, May 1994. )
Electrical Power Systems {Series on Power Engineering and Energy), 5] M. Rastogi. R. Naik, and N. Mohan, “A comparative evaluation of
London, U K.: IEE Press, 2001 b b b harmonic reduction technigues in three-phase utility interface of power
[8] C. Sankaran, Power Quality. Boca Raton, FL, USA: CRC Press, 2001. electronic loads,” JEEE Trans. Ind. Appl., vol. 30, no. 5, pp. 1149-1155,
[9] A. Ghosh and G. Ledwich, Power Quality Enhancement Using Custom Sep./Oct. 1994. o .
Power Devices. Norwell, MA, USA: 2002. S M. Peeran and C. W. P. Cascadden, “Application, n and specifi-
[10] R. C. Dugan, M. F. McGranaghan, and H. W. Beaty, Eleciric Power cation of harmonic filters for variable frequency drives,” JEEE Trans. fnd.
Svstems Quality, 2nd ed. New York, NY, USA: McGraw Hill, 2006. Appl, vol. 31, no. 4, pp. 841-847, Jul./Aug. 1995. )
[11] A Moreno-Munoz, Power Quality: Mitigation Technologies in a Distrib- 7] C.5.Chang, K. 5. L"L_'k- F. Wamg,aprl)\. C. Liew, "Har!'nonw chltuntm!
wted .Emu onment. Berlin, Germany: Springer-Verlag, 2007, schemes and evaluation methods in power system,” in Proc. Int. Conf
[12] H. Akagi, E. H. Watanabe, and M. Aredes, Instantaneous Power Theory and Energy -w‘?"_ﬂ}-"-'- Pf"“-'_"' D'-'f_- (EMPD'95), val. 1, 1993, pp. 146-151.
Applications to Power Conditioning. Hoboken, NI, USA: Wiley, 2007. H. Akagi, “New trends in active fi in Proc. EPE'95, 1995, pp. 17-26.
[13] K. R. Padivar, FACTS Controllers in Transmission and Distribution. H. Akagi, “New trends in active filters for power conditioning,” [EEE
New Delhi, India: New Age International, 2007 Trans.Ind. AppL. vol. 32, no. 6, pp. 1312-1322, Nov./Dec. 1996.
[14] E.F. Fuchs and M. A. 8. Mausoum, Power Quality in Power Systems and P K. Das, 5. K Panda, A. C. Liew, and K. 8. Lock, “A new approach to
Electrical Machines. Amsterdam, The Netherlands: Elsevier, 2008. ot powrer quality problets in power supply netwonks,  in Proc. JEEE
R R . - PEDS'97, 1997, pp. 857-861.
L. A_Pittoring, J. A du Toit, and J. H. R. Enslin, “Evaluation of converner
topologies and controllers for power quality compensators under unbal-
anced conditions,” in Proc. [EEE PESC'97, 1997, pp. 11271133,
F. Z. Peng, ]. W. McKeever, and D. J. Adams, “A power line conditioner
using cascade multilevel inverters for distribution systems,” JEEE Trans.
Ind. Appi., vol. 34, no. 6, pp. 12931298, Nov./Dec. 1998,

[15] Drafi-Revision of Publication IEC 555-2: Harmonics, Equipment [43] G. Chen, M. Li, Y. Zhongming, and Q. Zhaoming, “A hybrid solution to
far Cannection to the Public Low Voltage Supply System, [EC §C active power filter for the purpose of harmonic suppression and resonance
TTA, 1990, _— damping,” in Proc. JEEE POWERCON95, 1998, pp. 1542-1546.

[16] JEEE Rec ded Practices and s for Harmonics Control  [44] F. Z. Peng, “Application issues o e power filkers,” [EEE fnd. Appl.
in Electric Power Systems, IEEE Qland‘u'dﬁl‘) 1992, Mag., vol. 4, no. 5, pp. 21-30, Sep./Oct. 1998.

[17] fEEE Guide for Application and Specification for Harmonic Filters, I[EEE [45] F. Z pu," and D. 1. Adam armaonic sources and filtering approaches-
SL_.'.md;lrd_lﬁJl, 2003, Pp- |_-M-|- o ar.llle.l active/passive, and their combined power filters,” in Proc.

[18] W_E. Reid, “Power quality issues-standards and guidelines,” IEEE Trans. CEE IAS Ann. Meet, 1999, pp. 448455
Ind. .'!,.'«‘,l'?lf-. vol. 32, no. 3, pp. 625-632, May/Jun. 1996, . Singh, K. Al-Haddad, and A. Chandra, “A review of active filters for

[19] [EEE Working Group on Power System Harmonics, “Power system power quality improvement,” JEEE Trans. Ind. Electron., vol. 46, no. 5,
harmonics: An overview,” JEEE Trams. PAS, wvol. 102, no. §, Pp. 960-971, Oct. 1999.

Pp. 2455-2460, Aug.1983. ) [47] M. El-Habrouk, M. K. Darwish, and P. Mehta, “Active power filters:

[20] T. M. Gruzs, “A survey of neutral currents in three-phase computer A review,” JEE Proc. Electr. Power Appl, vol. 147, pp. 493413, Sep.
systems,” [TEEE Trans. Ind. Appl, vol. 26, no. 4, pp. 7T19-725,

Jul/Aug. 1990,

[21] 1. 8. Qub_] LI, and 1. 8. Mtqullkm “Harmonics-causes, effects, mea- .
surements, .ma]). - An update,” JEEE Trans. Ind. Appl, vol. 26, no. 6, " ) m.‘llu identification and review of
pp- 10341042, Nov./Dec. 1990 hybnd active filter lupnlu in Proc. IEEE PESC'02, 2002,

[22] M. E. Amoli and T. Florence, “Voltage, current harmonic control of a Pp. 394-399.
utility system-—a “'mm"""j;l l"U:L'" measurements,” JEEE Trans. Power [50] A. Sannino, J. Stevenson, and T. Larsson, “Power-electronic solutions to
Del., vol. 5, no. 3, pp. 1552-1557, Jul. 1990. . o power quality problems.” [ Efectr. Power Svst. Res., vol. 66, pp. T1-82,

[23] H. M. Beides and G. T. Heydt, “Power system harmonics estimation, Tul. 2003,
menitoring,” Electr. Mach. Pay » vol. 20, pp. 93-102, 1992, [51] L. Gyugyi and E. C. Strycula, “Active ac power filters,” in Proc. IEEE 45

[24] A E.Emanuel, I A O, D. Cyganski, and E. M. Gulchenski, “A survey of Ann. Meet, 1976, p. 529.
harmonics vol currents at the customer’s bus,” JEEE Trans. Power [52] H. Akagi, Y. Kan‘.‘lz.'lwu. and A. Nabae, “Instantaneous reactive compen-
Del., vol. 8, no. 1, pp. 411-421, Jan. 1993. sators comprising switching devices without energy storage components,”
IEEE “MkmL Group on Nonsinusoidal Situations, “A survey of TEEE Trans. Ind. Appi., vol. I1A-20, no. 3, pp. 625-630, May/Jun_ 1984.
North American electric utility concerns rﬁ.l,,urdm" non\mu' I [53] D. M. Divan, S. Bhatttacharya, and B. Banerje "Synchrr‘vnouei Fraie
waveforms,” JEEE Trans. Power Del.. vol. 11, harmonic isolator using active series filter,” in Proc. Ewr. Power Electron.
Jan. l‘?‘_)ﬁ- o o . o ) . Conf, 1991, pp. 3030-3035.

IEEE Working Group on ! wsoidal § - “Practical defi [54] L. W. Chung, M. Fadzil, M. Siam, A. B. Ismail, and Z. F. Hussien,
for POWETS I Systems with nonsinusoidal waveforms, unhu.lunn-_r'l loads: “Modeling and simulation of sodium sulfur battery for battery energy
A discussion,” JEEE Trans. Power Del., vol. 11, no. 1, pp. 79-101, storage system and custom power devices,” in Proc. Nar. Power Energy
Jan. 1996. _ ) L‘(J.'r_f Nov. 2004, pp. 205-210.

N. Mf_‘ha”- H A ?‘-‘"""W”- W. F. Long, _G- B Dr_‘-"r‘f::‘f‘-‘l- and 5 zh and 1. Solanki, “A solid-state compensator with energy storage
1. ). Vithayathil, “Active filters for AC harmonic suppression,” in Proc. isols iiesel-generator set, Proc. IEEE Int. Symp. Ind. L‘,l"-”m”
TEEE PES Winter Meet., 1977, pp. 168-174. Montreal, QC, Canada, 2006, pp. 1774-1778.




[57] M. Karimi-Ghartemani, M. B. Iravani, and F. Katiraei, “Extraction of
signals for harmonics, reactive current and network-unbalance compen-
sation," JEE Proc. Gener. Transm. Distrib_ vol. 152, no. |, pp. 137-143,
Jan. 2005.

[58] W. Freitas, A. Morelato, W. Xu, and F. Sato, “Impacts of AC generators
and DSTATCOM devices on the dynamic performance of distribution
systems,” IEEE Trans. Power Del., vol. 20, no. 2, pp. 1493-1501, Apr.
2005.

[59] A.Shukla, A. Ghosh,and A_ Joshi, “Static shunt and series compensations
of an SMIB system using flying capacitor multilevel mverter,” [EEE
Trans. Power Del | vol. 20, no. 4, pp. 2613-2622, Oct. 2005,

[60] A Griffo and D. Laura, “Two-leg three-phase mverter control for
STATCOM and SS8C applications,” JEEE Trans. Power Del, vol. 23,
no. |, pp. 361-370, Jan. 2008,

[61] B. Singh, J. Solanki, and V. Verma, “Neural network based control of
reduced rating DSTATCOM,” in Proc. [EEE INDICON, Chennai, India,
Dec. 2005, pp. 516-520.

[62] R. Gupta and A. Ghosh, “Frequency-domain characterization of sliding
mode control of an mverter used i DSTATCOM application,” [EEE
Trans. Circuits Syst., vol. 53, no. 3, pp. 662676, Mar. 2006.

[63] B.-R. Lin and T.-Y. Yang, “Analysis and implementation of three-phase
power quality compensator under the balanced and unbalanced load
conditions,” Electr. Power Svst. Res., vol. 76, pp. 271-282, 2006

[64] 5. H. Hosseini and M. Sabahi, “Three-phase active filter using a single-
phase STATCOM structure with asymmetrical dead-band control,”
in Proc. IEEE IPEMC, Aug. 2006, vol_ 2, pp. 1-6.

[65] B. Singh, V. Verma, and J. Solanki, “Neural network-based selective

compensation current quality problems in distnbution system,” [EEE

Trans. Ind. Electron., vol. 54, no. 1, pp. 53-60, Feb. 2007,

H_Fugitaand H. Akagi, “Voltage-regulation performance of a shunt active

filter mtended for installation ona power distribution system,” JEEE Trans.

Power Electron_, vol. 22, pp. 10461053, 2007.

B.Kedjar and K. Al-Haddad, “DSP-based implementation of an LQR with

integral action for a three-phase three-wire shunt active power filter,” (EEE

Trans. Ind. Electron_, vol. 56, no_ 8, pp. 2821-2828, Aug. 2009,

5. Rahmani, A. Hamadi, N. Mendalek, and K. Al-Haddad, “A new control

technique for three-phase shunt hybrid power filter,” IEEE Trans. Ind.

Electron., vol. 56, no. 8, pp. 2904-2915, Aug. 2009.

B. Singh and 5. R. Arya, “Adaptive theory-based improved linear sinu-

soidal tracer control algorithm for DSTATCOM,” IEEE Trans. Fower

[66]

[67]

[6%]

[69]

Electron., vol. 28, no_ 8, pp. 37683778, Aug. 2013,
B.-R. Linand K.-T. Yang, “Active power filter based on NPC inverter for
harmonics and reactive power compensation,” in Proc. JEEE Region 10

[70]

harmonics and reactive power compensation,” in Proc. JEEE Region 11

Conf. TENCON, Nov_ 2004, vol. 4, pp. 93-96_
[71] B.-R. Lin, H.-K Chiang, and K -T. Yang, “Shunt active filter with three-
phase four-wire NPC inverter,” in Proc. 4 7th Midwest Svmp. Circuits Syst.
(MWSCAS), Jul. 2004, vol. 2, pp. II-281-11-284.
[72] P. Salmeron, J. C. Montano, J. R. Vazquez, ). Pneto, and A. Perez,
“Compensation in nonsinusoidal, unbalanced three-phase four-wire sys-
tems with active power-line conditioner, " fEEE Trans. Power Del_vol. 19,
no. 4, pp. 19681974, Oct. 2004,
V. R. Dinavahi, M. R. Iravani, and R. Bonert, “Real-time digital simulation
and expenmental verfication of a D-STATCOM interfaced with a digital
controller,” Int. J. Efectr. Power Energy Syst, vol. 26, no. 9, pp. 703-713,
Nov. 2004,
M. Tavakoli Bina, M. D. Eskandan, and M. Panahlou, “Design and
installation of a =250 kVAr D-STATCOM for a distribution substation,”
Electr. Power Syst. Res, vol. 73, no. 3, pp. 383-391, Mar. 2005.
P. Salmeron, J. C. Montano, and J. P. Thomas, “Analysis of power
losses  for instantancous compensation of  three-phase  four-wire
systems,” [EEE Trans. Power Electron., vol. 20, no. 4, pp. 901-907, Jul.
2005.
M. C. Benhabib and S. Saadate, “New control approach for four-wire
active power filter based on the use of synchronous reference frame,”
Electr. Power Syst. Res., vol. 73, no. 3, pp. 353-362, Mar. 2005.
[77] B.Singh, A. Adya, A. P. Mittal, and J. R. P. Gupta, “Modeling and control
of DSTATCOM for three-phase, four-wire distnbution systems,”  fnd.
Appl. Conf, vol_ 4, Oct. 2005, pp. 2428-2434.
V. Soares and P. Verdelho, “Digital implementation of a DC bus voltage
controller for four-wire active Filters” in Proe. 32nd Ann. Conf. [EEE
Ind. Electron. (IECON), Nov. 2006, pp. 2763-2768.
A. 8. De Moruis and 1. Barbi, “Power redistributor applied to distribution
transformers,” in Proc. 32nd Ann. Conf. IEEE Ind. Electron. (IECON),
Nov. 2006, pp. 1787-1791.

[76]

[78]

[79]

[102] C. H. da Silva, R. R. Pereim, L. E. B. da Silva, . Lambert-Torres,
B. K. Bose, and 5. U. AhnA, “Digital PLL scheme for three-phase system
using modified synchronous reference frame,” JEEE Trans. fnd. Electron.,
vol. 57, mo. 11, pp. 38143821, Nov. 2010.

S. Rahmani, N. Mendalek, and K. Al-Haddad, “Experimental design of a
nonlinear control technique for three-phase shunt active power filter,”
TEEE Trans. Ind. Electron., vol. 57, no. 10, pp. 3364-3375, Oct. 2010,
J. C. Montafio, “Reviewing concepts of instantaneous and average com-
pensation in polyphase systems,” JEEE Trans. Ind. Electron., vol. 58,
no. I, pp. 213-220, Jan. 2011.

F. Cupertino, E. Lavopa, P. Zanchetta, M. Sumner, and L. Salvatore,
“Running DFT-based PLL algorithm for frequency, phase and amplitude
tracking in aircrafit electrical systems,” JEEE Trans. Ind. Electron., vol. 58,
no. 3, pp. 1027-1035, Mar. 2011,

pp- 18461851,

1. A_ Barrado, R. Grino, and H. Valderrama, “Standalone self-excited
induction generator with a three-phase four-wire active filter and energy
storage system,” in Proc. IEEE Int. Symp. Ind. Electron. (1SIE), Jun. 2007,
pp. 600605

1. Zhou, X ~j. Wu, Y.-w. Geng, and P. Dai, “Simulation research on a
SVPWM control algorithm for a four-leg active power filter,” J. Ching
Univ. Mining Technal , vol. 17, no. 4, pp. 590594, Dec. 2007.

M. Ucar and E. Ozdemir, “Control of a 3-phase 4-leg active power filter
under non-ideal mains voltage condition,” Electr. Power Syst. Res__ vol. 78,
no. I, pp. 58-73, Jan. 2008,

M. L M. Montero, E. R. Cadaval, and F. B. Gonzalez, “‘Comparison of
control strategies for shunt active power filters in three-phase four-wire
systems,” IEEE Trans. Power Electron., vol. 22 no_ 1, pp. 229-236, Jan.
2007.

H.L. Jou, K. D. W, 1. C. Wu, C. H. Li, and M. 8. Huang, “Novel power
converter topology for three-phase four-wire hybrid power filter,” JET
Proc. Power Eleciron., vol. 1, no. 1, pp. 164173, 2008.

5. B. Karanki, N. Geddada, M. K. Mishra, and B. Kalyan Kumar, “A
DSTATCOM topology with reduced DC-Link voltage rating for load
compensation with nonstiff source, " [EEE Trans. Power Electron.,vol. 27,
no. 3, pp. 1201-121, Mar. 2012

P. Jayaprakash, B. Singh, and D. P. Kothari, “Magnetics for neutral current
compensation in three-phase four-wire distnibution system,”™ in Proc. JEEE
Int. Conf. Power Electron. Drives Energy Svst. (PEDES'10), New Delhi,
India, Dec. 20140, pp. 461467,

5. Choi and M. Jang, “Analysis and control of a single-phase- inverter-
#Agrag transformer hybrid neutral-current suppressor in three-phase four
wire systems,” [EEE Trans. Ind. Electron.. vol. 54, no. 4, pp. 2201-2208,
Aug. 2007.

P. Lohia, M. K. Mishra, K. Karthikeya, and K. Vasudevan, “A minimally
switched control algonthm for three-phase four-leg VSI topology to
compensate unbalanced and nonlinear load,” JEEE Trans. Power Elec-
tron., vol. 23, no. 4, pp. 19351944, Jul. 2008,

AL Luo, Z. Shuas, W. Zhu, and Z. John Shen, “Combined system for
harmonic suppression and reactive power compensation,” JEEE Trans.
Ind. Electron., vol. 56, no. 2, pp. 418428, Feb. 2009.

V. Khadkikar, A, Chandra, and B. Singh, “Digital signal processor
implementation and performance evaluation of split capacitor, four-leg
and three H-bridge-based three-phase four-wire shunt active filters,” IET
Power Electron_, vol. 4, no. 4, pp. 463-470, Apr. 2011,

E. Lavopa, P. Zanchetta, M. Sumner, and F. Cupertino, “Real-time
estimation of fundamental frequency and harmonics for active shunt

estimation of fundamental frequency and harmonics for active shunt
power filters in aircraft electrical systems,” IEEE Trans. Ind. Eleciron.,

vol. 56, no. 8, pp. 2875-2884, Aug. 2009.

M. Molinas, I. A. Suul, and T. Undeland, “Extending the life of gearbox in

wind generators by smoothing transient torque with STATCOM,” JEEE

Trans. Ind. Electron., vol. 57, no. 2, pp. 476484, Feb. 2010.

C.-H. Liu and Y.-Y. Hsu, “Design of a self-tuning Pl controller for a

STATCOM using particle swarm optimization,” [EEE Trans. Ind. Elec-

tron., vol. 57, no. 2, pp. T02-715, Feb. 2010

[95] K. Borisov and H. L. Ginn, III, “Multifinctional VSC based on a novel
Fortescue reference signal generator,” JEEE Trans. Ind. Electron., vol. 57,
no. 3, pp. 10021007, Mar. 2010,

[96] V. Verma, B. Singh, A. Chandra, and K. Al-Haddad, “Power conditioner
for vanable-frequency drives in offshore oil fields" IEEE Trans. Ind.
Appl., vol. 46, no. 2, pp. 721-738, Mar/Apr. 2010

[97] X Zhu, X. Li, G. Shen, and D. Xu, “Design of the dynamic power
compensation for PEMFC distributed power system,” JEEE Trans. fnd.
Electron_, vol. 57, no_ 6, pp. 1935-1944, Jun. 2010,

[98] G. W. Chang, C-I. Chen, and Y -F. Teng, “Radial-basis-function-based
neural network for harmonic detection,” MEEE Trans. Ind. Efectron.,
vol. 57, no. 6, pp. 2171-2179, Jun. 2010,

[99] W. Song and A_ Q. Huang, “Fault-tolerant design and control strategy for

cascaded H-bridge multilevel converter-based STATCOM,” [EEE Trans.

iInd. Electron., vol. 57, no. 8, pp. 2700-2708, Aug. 2010.

B. Singh, P. Jayaprakash, and D. P. Kothan, “New control approach

for capacitor supported DSTATCOM in  three-phase four wire

distribution system under non-ideal supply voltage conditions based on
synchronous reference frame theory,” fnt. J. Electr. Power Energy Svst.,

vol. 33, no. 5, pp. 1109-1117, Jun. 2011,

C.-I. Chen and G. W. Chang, “Virtual instrumentation and educational

platform for time-varying harmonics and mterharmonics detection,” JEEE

Trans. Ind. Electron., vol. 57, no. 10, pp. 3334-3342, Oct. 2010,

[93]

[94]

[100]

[123] P. Jayaprakash, B. Singh, and D. P. Kothari, “Implementation of isolated
three-leg VSC and Star/Hexagon transformer based three-phase four-wirne
DSTATCOM," in Proc ICETET (1%, Nagpur, India, 2009, pp. 1-6.

P Jayaprakash, B. Singh, D. P. Kothan, “Integrated H-bridge VSC witha
#ig-mag transformer based three-phase four-wire DSTATCOM,” Indian
patent in process.

B. Singh, P. Jayaprakash, and D. P. Kothan, “Three-phase four-wire
DSTATCOM with H-bridge VSC and star/delta transformer for power
quality improvement,” in Proc. JEEE Int. Conf. Sustain. Energy Technol.
(ICSET'08), Singapore, Nov. 2008, pp. 366-371.

B. Singh, P. Jayaprakash, and D. P. Kothar, “Threc-phase four-wire
DSTATCOM with reduced switches for power guality improvement,”
Asian Power Electron. J, vol. 2, no. 2, pp. 1-6, Nov. 2008.

[124]

[125]




[106] H.-L. Jou, K-D Wu, 1-C. Wu, and W_.-]. Chiang, “A three-phase four-
wire power filter comprising a three-phase three-wire active filter and a zig-
zag transformer,” [EEE Trans. Power Electron, wvol. 23, no. 1,
pp. 252-259, Jan. 2008,

B. Singh, P. Jd\.apmka\h T. R. Somayajulu, and D. P. Kothan, “Reduced
rating \ SC with a zig-rag transformer for power quality improvement in
1hr{:{:—ph.¢‘4. four-wire d.LHlI.'I.IJ'I.]l'I(.’II'I system,” JEEE Trans. Power Del.,
vol. 24, no. 1, pp. 249-255_ Jan. 2009,

[108] B.Singh, P. Jayaprakash, . Kumar, and D. P. Kothan, “Implementation of
neural network controlled VSC based DSTATCOM.” JEEE Trans. fnd.
Appl., vol. 47, no. 4, pp. 18921901, Aug. 2011.

[109] B. Singh, P. Jayaprakash, and D. P. Kothari, “Three-Leg VSC and a
transformer based three-phase four-wire DSTATCOM for distribution
systems,” m Proc. NPSC'08, Bombay, India, Dec. 2008, pp. 602-607.

[110] P. Jayaprakash, B. Singh, and D. P. Kothari, “DSP implementation of
three-leg VSC based three-phase four-wire DSTATCOM for voltage
regulation and power quality improvement,” m Proc [ECON 04,
Portugal, 2009, pp. 312-318.

[111] B. Singh, P. Jayaprakash, and D_ P. Kothan, “A T-connected transformer
and three-leg VSC based DSTATCOM for power quality improvement,”
{EEE Trans. Power Electron., vol. 23 no. 6, pp. 27102718, Nov. 2008.

[112] B. Singh, P. Jayaprakash, and D). P. Kothan, “Starhexagon transformer
and non-isolated three-leg VSC based 3-phase 4-wire DSTATCOM,” fnt.
J. Power Energy Convers., vol. 1, no. 23, pp. 198-214, 2010.

[113] B. Singh, P. Jayaprakash, T. R. Somayajulu, and D. P. l\u'lh.ll’l

D‘iTATL OM with reduced switches using two-|
transformer for power quality improvement in three-phase Fc:ur-ulr{.
distnbution system,” in Proc. [EEE TENCON'08, Hyderabad, India, Nov.
2008,

B. Singh, P. Jayaprakash, and D. P. Kothan, “Three-phase four-wire
DSTATCOM with H-bridge VSC and star/delta transformer for power
quality improvemnent,” in Proc. {EEE INDICON 08, Kanpur, India, Dec.
2008, pp. 412-417.

B. Singh, P. Jayaprakash, and D. P. Kothan, “H-Brdge VSC with a
T-connected transformer based three-phase four-wire DSTATCOM for
power quality improvement,” in Proc. NSC'08, Roorkee, India, 2008,
pp. 1-6.

R

[116] P. Jayaprakash, B. Singh, and D. P. Kothari, “Three-phase four-wire
DSTATCOM based on H-bridge VSC with a starhexagon transformer for
power quality improvement in distibution systems,” in Proc. [EEE
ICHS'08, Kharagpur, India, Dec. 2008, pp. 1-6.
P Jayaprakash, B. Sigh, and D. P. Kothari, “Three single-phase mlta"t
source converter based DSTATCOM for three-phase four-wire systems,”
in Proc of ICPS'09, Khamgpur, India, 2009, pp. 112-118.

[118] P. Jayaprakash, B. Singh, and D. P. Kothan, “Digital signal processor
implementation of isolated reduced-rating volt source converter
using a zig-rag transformer for three-phase four-wire distribution static
compensator,” Electr. Power Compon. Syst., vol. 39, pp. 15-30, 2011

[119] B.Singh, P_Jayaprakash, T. R. Somayajulu, and D. P. Kothari, “Integrated
patts alﬂramfurm{.rand: leg VSC for power quality improvs ement in three-
ph..u.L four wire system,” in Proc. JEEE [ECON 08, FL, USA, Jul. 2008,
pp. 796801

[120] B. Singh, P. Jayaprakash, and D. P. Kothari, “A three-phase four-wire
DSTATCOM for power quality improvement,” . Power Electron. vol. 8,
no. 3, pp. 249-255, Jul. 2008,

[121] B. Singh, P. Jayaprakash, and D. P. Kothari, “Thre: [SC integrated
with T-connected transformer as three-phase four-w! TATCOM for
power quality improvement,” Electr. Power Compon. Svst., vol. 37,
pp. 817-831, 2009
B. Singh, P. Jayaprakash, and D. P. Kothari, “Three leg VSC with a star-
hexagon transformer based DSTATCOM for power quality improvement
in three-phase: four-wire distnbution system,” fnt. J. Emerg. Electr. Power
Syst., vol. 9, no. &, pp. 1-18, Anticle 1, Dec. 2008




