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Abstract: It is crucial to identify crop diseases early to educate farmers on how to stop the spread of diseases in their crops. However, 

the agriculture sector's output is impacted by the emergence of numerous crop-related diseases. Multiple methods for predicting paddy 

leaf diseases have been created, but they still suffer from overfitting, poor detection, and classification issues. To overcome these issues, 

design a novel Ant Lion-based YOLO-V5 (AL-YOLOv5) system to improve the system's functionality to detect paddy leaf disease. 

Paddy leaf photos were initially gathered from the internet and trained in the system. Brown spot, Leaf blast, Healthy, and Hispa are the 

four paddy leaf diseases the proposed model intends to classify better and identify. The dataset's noise is removed during the 

preprocessing stage, and the GrabCut algorithm is used to segment the impacted areas based on the pixels. The Grey-Level Co-

Occurrence Matrix (GLCM), which extracts form, texture, and color features, is also used for feature extraction. Finally, utilize a 

YOLOv5 network to find and categorize the crop's affected diseases. The created model uses ant lion fitness to forecast paddy leaf 

diseases correctly. By achieving improved performance metrics, the experimental findings demonstrate the effectiveness of the designed 

model, and the obtained results are validated with other traditional models in terms of accuracy, precision, recall, F-score, and error rate. 

Keywords: Paddy Leaf Disease Detection, Grey-Level Co-Occurrence Matrix, Ant Lion Optimization, Principal Component Analysis, 

GrabCut, Segmentation. Deep Learning 

1. Introduction 

One of the most recent agricultural research subjects is 

identifying and categorizing plant diseases by 

photographing the plant's leaves. Using image processing 

techniques to identify agricultural plant diseases will 

reduce the need for farmers to take extra precautions to 

safeguard their crops [1]. Agriculture is one of the most 

significant sources of income for people in many nations. 

Farmers gather various food plants based on the natural 

conditions of the area and their needs [2]. Yet, there are 

several issues that farmers must deal with, including 

natural disasters, a water deficit, plant diseases, etc. The 

majority of problems are reduced by offering some best 

technologies [3]. Furthermore, a timely approach to 

illness prevention may increase food production, 

negating the need for experts and saving time. Therefore, 

identifying plant disease is one of the crucial study areas 

in the agricultural sector [4]. 

Consequently, it has become challenging to identify and 

categorize plant diseases. India has a sizable population, 

and agriculture provides most of the country's food 

supply. Crop illnesses, insect infestations, and plant 

diseases are the leading causes of agricultural areas being 

destroyed [5]. Fungi, bacteria, viruses, or nematodes 

known as plant pathogens can harm plant parts like 

leaves, panicles, nodes, stems, and roots. Hence, one of 

the most recent agricultural studies is identifying and 

categorizing crop illnesses using photographs of plant 

leaves [6]. Using image processing techniques to identify 

plant diseases can assist farmers in preventing damage or 

destruction of their agricultural fields. Paddy is a staple 

crop for many of the world's population [7]. Therefore, 

early detection of symptoms of plant disease has 

substantial agrarian benefits. However, this endeavor is 

completed due to a need for integrated computer vision 

methods created explicitly for farming applications [8]. 

Moreover, many issues, such as a lack of water and plant 

disease, can affect agricultural productivity. Hence, one 

crucial activity for raising output is the early detection 

and prevention of plant diseases in the early phases of 

onset [9]. However, there are substantial restrictions on 
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B:79=/2=B5/:>>5G=B/39F969/=9B4567/;23BG6A:=>93H/019/32?GE:B25=/3BG;293/:69/9LB9=32F9EC/

896@56?9;/B165G<1/B19/JK0YK̀ \R2?GE2=7]1/9=F265=?9=B/B1:B/865F9/B19/F:E2;2BC/5@/B19/YZ[/

>5=B65EE96/@56/2?865F2=</B19/896@56?:=>9/5@/B19/TUVRH/019/32?GE:B25=/693GEB3/:69/>5?8:69;/

42B1/B19/9L8962?9=B:E/693GEB3/@56/?569/F:E2;:B25=H//

a_[bcURRb[I/PIQde/fO/RVgbYK[/
MU_K[0JUh0/bc/UUUI/

JKYYK/[UMMi/UhÔhUU[̂hO/VbYYUOU/cb[/TbJUhI/giMU[K̀ KM/
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"#$$%&'()*+,-%.*$$%-/+0*1(-)2*3)+%.++444/+5(66(+7*889+43:'3**-'3:+;%66*:*+.%-+<%2*3/+

=98*-(>(8/+?*6(3:(3(/+@38'(A+

BCD+E&F%6(-/+0*1(-)2*3)+%.+444/+5(66(+7*889+43:'3**-'3:+;%66*:*+.%-+<%2*3/+

=98*-(>(8/+?*6(3:(3(/+@38'(A+

�
�G��
G�

@3+)F'$+1(1*-/+)F*+(-)'.'&'(6+3*H-(6+3*)I%-J+

K#LLM+&6%$*8+6%%1+&%3)-%66*8+I')F+0;+

1F%)%N%6)('&+$%6(-+1H21+'$+'216*2*3)*8+'3+

5#?O#PQE'2H6'3J+ H$'3:+ P%%$)+

&%3N*-)*-A+?F*+$'2H6()*8+$9$)*2+&%3$'$)$+

%.+)F*+1F%)%N%6)('&+K,RM+2%8H6*/+)F*+P%%$)+

&%3N*-)*-/+)F*+#LL+&%3)-%6/+(38+)F*+PO0;+

2%)%-A+?F*+$'2H6()*8+1(-(2*)*-$+(-*+

N%6)(:*/+&H--*3)/+1%I*-/+$1**8/+(38+

2*&F(3'&(6+)%-SH*A+#+2%8(6Q$*3$')'N')9+

(3(69$'$+'$+(6$%+&%38H&)*8+%3+(+6'>*-(6'T*8+

2%8*6+%.+)F*+%N*-(66+$9$)*2/+)%+

&F(-(&)*-'T*+893(2'&+1-%1*-)'*$+%.+)F*+

$9$)*2/+)%+*N(6H()*+-%>H$)3*$$+%.+)F*+

&%3)-%66*-$/+(38+)%+'8*3)'.9+)F*+3()H-*+%.+

'3)*-(&)'%3$+>*)I**3+)F*+,R+$9$)*2+(38+

)F*+3*)I%-JQ6%(8$A+#38+)%+2(U'2'T*+)F*+

*..'&'*3&9+%.+)F*+1-%1%$*8+,R+1H21'3:+

$9$)*2/+&%21(-*+)F*+#LL+(38+)F*+

&6($$'&(6+1-%1%-)'%3(6+'3)*:-(6+8*-'N()'N*$+

K,@0M+&%3)-%66*-A+0'..*-*3)+)*$)$+F(N*+>**3+

&(--'*8+)%+1-%N*+)F*+*..*&)'N*3*$$+%.+)F*+

1-%1%$*8+&%3)-%6+$9$)*2A+#66+$'2H6()'%3$+

F(N*+>**3+8%3*+'3+E@5CO@LV+$%.)I(-*+%.+

5#?O#PA++

W�����	�X+,R+2%8H6*/+8'-*&)+&%3)-%6+

2*)F%8/+Y+,@0/+#LL+&%3)-%66*-/+P%%$)+

&%3N*-)*-/+0;+PO0;+2%)%-+

Z�G�[�\
GZ[�+43*-:9+:*3*-()*8+

.-%2+&6*(3$/+*..'&'*3)/+(38+*3N'-%32*3)(669+

.-'*38$+F(N*+>*&%2*+%3*+%.+)F*+2(]%-+

&F(66*3:*$+.%-+*3:'3**-$+(38+$&'*3)'$)$A+

#2%3:+(66+-*3*I(>6*+*3*-:9+$%H-&*$/+

1F%)%N%6)('&1%I*-+$9$)*2$+())-(&)+2%-*+

())*3)'%3+IF'6*+:-**3F%H$*+*2'$$'%3$+(-*+

-*8H&*8A+7*:(-8'3:+)F*+*386*$$+($1*&)+%.+

$%6(-+*3*-:9/+')+'$+I%-)F+$(9'3:+)F()+$%6(-+

*3*-:9+'$+(+H3'SH*+$%6H)'%3+.%-+*3*-:9+

&-'$'$A+ =%I*N*-/+ 8*$1')*+ (66+ )F*+

(.%-*2*3)'%3*8+(8N(3)(:*$+%.+$%6(-+1%I*-+

$9$)*2$/+)F*9+8%+3%)+1-*$*3)+8*$'-(>6*+

*..'&'*3&9A+5(39+2*)F%8$+(38+&%3)-%66*-$+

F(N*+ >**3+ I'8*69+ 8*N*6%1*8+ (38+

'216*2*3)*8+)%+)-(&J+)F*+2(U'2H2+1%I*-+

1%'3)+K5,,M+̂BY_̀A+5%$)+&%3)-%6+$&F*2*$+

H$*+)F*+,*-)H->+(38+a>$*-N*+K,baM+

2*)F%8+IF'&F+'$+>($*8+%3+')*-()'N*+

(6:%-')F2$+)%+)-(&J+&%3)'3H%H$69+)F*+5,,/+
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$%&&'()*+,-./'0,&&'/1-2,3*/+4,5+-'0--6661-7*88*-9,::;-65<)5,,/)5<-='88,<,-0'/->'4,51-

?;:,/*@*:1-A,8*5<*5*1-B5:)*C-

DEF-G(H'8*/1-2,3*/+4,5+-'0-6661-7*88*-9,::;-65<)5,,/)5<-='88,<,-0'/->'4,51-

?;:,/*@*:1-A,8*5<*5*1-B5:)*C-

I��J�I�J�7K8+)LM,N,8-B5N,/+,/-O7MBP-

*/,-@,('4)5<-3'3K8*/-0'/-*88-+;3,-'0-

)5N,/&)'5-*338)(*+)'5C-AH,;-)5H,/,5+8;-

<,5,/*+,&-8'Q-H*/4'5)(&1-3/':K(,&-'K+3K+-

5,*/-+'-&)5,LQ*N,1-8'Q-&Q)+(H)5<-8'&&,&-

*5:-R,/'-4*<5,+)(-)5+,/0,/,5(,&C-%88-+H,&,-

0,*+K/,&-*/,-)5(/,*&)5<-+H,/,-Q):,L&3/,*:-

K&*<,C-AH)&-3*3,/-3/,&,5+&-+H,-*338)(*+)'5-

'0-7MB-0'/-</):-)5+,</*+)'5-'0-&'8*/-,5,/<;C-

AH,-'K+3K+-'0-&'8*/-)&-5'+-*8Q*;&-('5&+*5+1-

)+-:,3,5:&-K3'5-+H,-,5N)/'54,5+*8-

('5:)+)'5&-8)S,-&'8*/-)//*:)*5(,C-B+-)&-N,/;-

:)00)(K8+-+'-'@+*)5-('5&+*5+-'K+3K+-*&-Q,88-

&;5(H/'5)R*+)'5-Q)+H-+H,-</):-0/'4-&'8*/C-

7MB-(*5-)5+,</*+,-+H,-&'8*/-Q)+H-+H,-</):-

,00,(+)N,8;-*5:-(*5-*8&'-/,<K8*+,-+H,-'K+3K+-

N'8+*<,-+'-('43,5&*+,-0'/-N*/)*@8,-

)//*:)*5(,C-%8&'1-A?2-)&-N,/;-8'Q-*&-Q,88-

*&-)+-/,+*)5&-+H,-K5)+;-3'Q,/-0*(+'/-K5:,/-

5'/4*8-*&-Q,88-*&-H*/4'5)R,:-8'*:)5<-

('5:)+)'5&C-B5-+H)&-3*3,/-(*&(*:,:-TL8,N,8-

7MB-)&-3/,&,5+,:-0'/-</):-)5+,</*+)'5-'0-D-

3*5,8&-'0-$CTU>-'0-/*+)5<-,*(H-0'/-&'8*/C--

 VWXY���Z=*&(*:,:-TL8,N,8-7MB-O=L

TLML7MBP-7K8+)LM,N,8-B5N,/+,/-O7MBP1-

.'Q,/-68,(+/'5)(&-='5N,/+,/&1-.[L.*5,81-

['8+*<,-G'K/(,-B5N,/+,/-O[GBP1-A'+*8-

?*/4'5)(-2)&+'/+)'5-OA?2PC-

����\J�Y�]�J�Y\-AH,-̂'/-)5+,</*+)5<-

99-Q)+H-+H,-K+)8)+;-&;&+,4-,)+H,/-DL8,N,8-'/-

4K8+)L8,N,8-)5N,/+,/-O7MBP-)&-,438';,:C-DL

8,N,8-)5N,/+,/-H*&-H)<H-A?2-('5+,5+-*&-

('43*/,:-+'-7MB-)5-+H,-%=-'K+3K+-N'8+*<,-

H,5(,-7MB&-*/,-3/,0,//,:C-A/,4,5:'K&-

/,&,*/(H-Q'/S-)&-*N*)8*@8,-+'-)43/'N,-+H,-

3,/0'/4*5(,-'0-+H,-&;&+,4-)5-*-Q*;-+'-

/,:K(,-8'&&,&1-:)&+'/+)'5-*5:-+'-,5H*5(,-

+H,-,00)(),5(;-@;-K&)5<-:)00,/,5+-+'3'8'<),&-

'0-7MB&C-B5-<,5,/*8-7MB&-*/,-@/'*:8;-

(8*&&)0),:-*&-08;)5<-(*3*()+'/-+;3,1-5,K+/*8-

3')5+-(8*43,:-*5:-(*&(*:,-?@/):<,C-AH,-

(8*&&)0)(*+)'5-'0-7MB&-)&-&H'Q5-)5-̂)<C-$C-

B5-+H,-0)/&+-+Q'-+;3,&-+H,-&,/),&-'0-&Q)+(H,&-

&H*/,&-+H,-('44'5-2=-&K338;-QH)8,-

(*&(*:,:-+;3,-/,_K)/,:-&,3*/*+,-2=-

&'K/(,&-0'/-)5:)N):K*8-K5)+&-QH)(H-)&-

&H*/,:-*(('/:)5<-+'-+H,-<,5,/*+,:-'K+3K+-

N'8+*<,&C-AH,-+Q'-4'&+-0*N'/,:-+'3'8'<),&-

*/,-5,K+/*8-3')5+-(8*43,:-Ò.=P-*5:-

(*&(*:,-?L@/):<,-O=?aP-&)5(,-+H,&,-
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/012314541.36547247.896:3;07<2396=.<74.<.=032<>14.8<6?3?<24.:97.@4?30@.<6?.A3;A.B9C47.
<BB138<2396=D.EA3=.=20?F.B74=462=.<.64C.964G8<B<83297G><=4?.:354GHIJIHKLMNOPQKNOPQKRQKSNOPQK
SKMNOPTKUVVWXKYZHX[HIJIHK[\JI]XI]̂K_̀IKW[\aHIGBA<=4.547=396.9:.2A4.B79B9=4?.:97@<2396.A<=.
964.?8G=90784b.43;A2.=C328A4=.<6?.964.8<B<83297D.E9.B7953?4.>99=236;.<>3132Fb.2A4.36547247.3=.
9B47<236;.><=4?.96.8A<7;4GB0@B.2A497Fb.CA474.2A4.8<B<83297.3=.8A<7;36;.36.B<7<1141.<6?.
?3=8A<7;36;.36.=4734=.8966482396=.29.B7953?4.<.A3;A47.902B02.5912<;4D.EA4.B79B9=4?.
896:3;07<2396.74c0374=.=3@B14.8962791.2<=d=b.<6?.:97.2A3=.B07B9=4b.14541G=A3:2.B01=4.C3?2A.
@9?01<2396.=27<24;Fb.CA474.2A4.74:474684.=3;6<1.3=.89@B<74?.C32A.:907.8<77347=b.3=.
3@B14@4624?.29.?7354.2A4.=C328A4=.<6?.;4647<24=.2A4.74c0374?.B01=4=.B<22476D.EA4.?45419B4?.
36547247.A<=.=9@4.?3=23682.:4<2074=.13d4.2A4.0=<;4.9:.961F.964.?8G=90784.<6?.964G8<B<83297b.
89@B<82.=3e4b.=3@B14.8962791.74c0374@462=.<6?.>99=236;.<>3132FD.EA4.=F=24@.3=.=3@01<24?.C32A.
/fEgfhi.j3@0136d.<6?.<.A<7?C<74.B79292FB4.3=.?45419B4?.29.5473:F.2A4.B47:97@<684.9:.2A4.
?45419B4?.:354G14541.896:3;07<2396D.EA4.74=012=.=A9C.2A<2.2A4.?45419B4?.:354G14541.@012314541.
36547247.74<8A4=.2A4.4kB4824?.B47:97@<684.
�

��'%#!$"'�#��

/012314541.36547247=.l/gm=n.A<54.4@47;4?.
<6?.459154?.<=.<.B47:482.=9102396.:97.2A4.
@4?30@. <6?. A3;A. 5912<;4iB9C47.
<BB138<2396=.CA474.A3;AGc0<132F.?8G<8.
B9C47.896547=396.3=.644?4?D.EA4.81<==38<1.
29B919;34=.:97.2A4./gm=.<74.64027<1.B9362.
81<@B4?.lopqnb.:1F36;.8<B<83297.lrqn.<6?.
8<=8<?4.sG>73?;4.lqshnD.EA4=4.29B919;34=.
<74.C3?41F.74=4<78A4?.<6?.<74.C411.
4=2<>13=A4?.36.36?0=273<1.<BB138<2396=D.

s9C4547b.:97.<.A3;A47.60@>47.9:.902B02.
14541=b.2A4.36874<=4?.36.2A4.60@>47.
89@B96462=.74c0374?.:97.opq.<6?.rq.
>489@4=.c03k9238D.j3@31<71Fb.:97.qshb.2A4.
A3;A47.60@>47.9:.3=91<24?.?8.5912<;4.
=90784=.:97.<.A3;A47.60@>47.9:.14541=.
13@32=.32=.<BB138<2396=.tuvwtxvD.y64.
8<24;97F.9:.2A4./gm.29B919;34=.A<=.>446.
><=4?.96.2A4.@0123B14.3=91<24?.?8.5912<;4.
=90784=D..

.

ufjjyqmfEz.p{yrzjjy{b.|b}b~�x��.jqsygf{.
�zpf{E/zoE.yr.zzzb.

./fggf.{z���.zo�mozz{mo�.qyggz�z.ry{.�y/zob.s��z{fhf�.
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45672 898:;2 8;:7:<=72 92 <:>2 =?8?@?AB2 ?C2 56A5:;2
?;D:;2 8?>:;2 C6@=:;2 C?;2 A;6DE=6:D2 F?@=9A:E7?G;H:2 6<F:;=:;7I2 <9J:D2
=5:2 KLKEKL2 C6@=:;I2 >56H52 6<7:;=72 9<2 :M=;92 H989H6=?;2 H?<<:H=:D2 6<2
89;9@@:@2 =?2 =5:2 KCELC2 7:;6:72 ;:7?<9<=2 H6;HG6=2 ?C2 KKLK2 C6@=:;2
N9;=6HG@9;@BI2 6=2 H9<2 7=;?<A@B2 9==:<G9=:2 =5:2 59;J?<6H2 HG;;:<=72
9;?G<D2 =5:2 7>6=H56<A2 C;:OG:<HBI2 9<D2 =5:2 9==:<G9=6?<2 ;9=:2 P:H?J:2
EQRDS2 9=2 56A52 C;:OG:<HB2 >56H52 @:9D6<A2 =?2 92 D:H;:97:2 6<2 =5:2 =?=9@2
6<DGH=9<H:2 9<D2 F?@GJ:2 ?C2 =5:2 C6@=:;T2 45:2 89;9J:=:;72 D:76A<2
H;6=:;692 ?C2 =5:2 8;?8?7:D2 KLKEKL2 C6@=:;2 672 9@7?2 6<=;?DGH:DT2 45:2
H?J89;9=6F:2 9<9@B7672 9<D2 D67HG776?<72 ;:A9;D6<A2 =5:2 =;9D6=6?<9@2
KLK2 C6@=:;I2 KKLK2 C6@=:;2 9<D2 =5:2 8;?8?7:D2 KLKEKL2 C6@=:;2 59F:2
P::<28;:7:<=:D29<D2:F9@G9=:D2=5;?GA5276JG@9=6?<2?<292UEVW76<A@:E28597:2A;6DE=6:D26<F:;=:;28;?=?=B8:T2

�
�����&$!(+�&�!��
X
YZ[X\]̂_̀â[_X̂bc[]a[]XZdeXe[[bXf̂_[eg][d_Xhe[Xijk̀ilkX
_h[XamXaZ[X\]mf̂b\Xgmghnd]̂aoXmpX][b[fdqn[X[b[]\oX
emh]r[esXtaX̂eXrmuumbXg]drâr[XamX̂beadnnXdXnmf̀gdeeX
gmf[]Xp̂na[]Xq[af[[bXdXcmnad\[̀emh]r[X̂bc[]a[]XvwxtyX
db_XaZ[X\]̂_XamX][ea]̂raXaZ[X̂bz[râmbXmpX[{r[eêc[X
rh]][baXZd]umb̂reXq]mh\ZaXmbXqoXaZ[Xêb[Xghne[Xf̂_aZX
um_hndâmbXv|}~y�XfẐrZX̂eXaZ[XumeaXrmuumbX�̂b_X
mpX|}~sXYZ[X]̂êb\XrmeaXmpXrmgg[]XZdeXb[r[eêada[_XdX
bhuq[]XmpXrZdb\[eXamXaZ[Xgmf[]Xp̂na[]�eX_[ê\bX̂bX
m]_[]XamX�[[gXg]̂r[eXnmfsX�b[XemnhâmbX̂eXamXeh\\[eaX
dna[]bdâc[Xamgmnm\̂[esXYẐ]_̀m]_[]X���Xp̂na[]eXi�kXd][X
aZ[XumeaXmpa[bXhe[_XmgâmbsX�[rdhe[XaZ[XẐ\Z[eaX
Zd]umb̂reXmpXaZ[X̂bc[]a[]XmhaghaXrh]][baXd][Xrnhea[][_X
d]mhb_XaZ[Xef̂arẐb\Xp][�h[bro�X̂aX̂eXaẐeXp][�h[broX
aZdaXg]̂ud]̂noXrmbea]d̂beXaZ[X_[ê\bXmpXaZ[X̂bc[]a[]�eX
rZd]dra[]̂eâresXYmX][_hr[XaZ[X\]̂_̀ê_[X̂b_hram]X���X

dbX����Xp̂na[]X̂eXg]mgme[_XamX][dn̂�[XaZ[X�[]mX
ûg[_dbr[XmpXaZ[X�p̀�pXe[]̂[eX][embdbaXr̂]rĥaXdaXaZ[X
ef̂arẐb\Xp][�h[broXi�ksXYẐeXrdbXê\b̂p̂rdbanoX
_dug[bXaZ[XZd]umb̂rXrh]][baeX̂bXaZ[Xĉr̂b̂aoXmpXaZ[X
ef̂arẐb\Xp][�h[brosX
tbXaẐeXeah_o�Xf[Xg][e[baXaZ[X���̀��Xp̂na[]�XdXbmc[nX
nmf̀gdeeXgmf[]Xp̂na[]Xd]rẐa[rah][XdrẐ[c[_XqoXd__̂b\X
dXgd]dnn[ǹrmbb[ra[_Xrdgdr̂am]XamXaZ[X����Xp̂na[]�eX�p̀
�pXe[]̂[eX][embdbaXr̂]rĥasXYZ[X\]̂_̀ê_[X̂b_hram]X��X
udoXq[Xph]aZ[]Xûb̂û�[_Xq[rdhe[XmpX����Xb[d]̀�[]mX
ûg[_dbr[XdaXaZ[Xef̂arẐb\Xp][�h[broXdb_XâeX
ehqeadbâdnXdaa[bhdâmbXmpXaZ[XZd]umb̂rXrh]][baeX
d]mhb_XaZ[Xef̂arẐb\Xp][�h[bro�XfẐrZX][drZ[eX̀��_�X
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,/-2,/+,L0.>.8-,\50D./>Y,>-M0.2LM,-5L-R2560./>0,+0

5.+,<?0,/-5@2.-5>0,/-30.09R<-,8<5093>5<0+?+-59G0

EM525432560-M50X.<9./0+-.-505+-,9.-320,+04.+-0./>0

+,98<5G0EM504R/>.95/-.<083+,-,\50+5QR5/L50

L3983/5/-+0TU1KA+W0340-M50@2,>0\3<-.@5+0,/0.0

I1ZA0+?+-590.2505+-,9.-5>0\,.0-M5+50KKVXU[UVV0

D.+5>04,<-52+G0EM505+-,9.-,3/0340254525/L50+,@/.<+0

4320.0I1ZA0L3/-23<<520,+0D.+5>03/0-M5+50U1KA+G0

EM525432560D3-M0.L-,\504,<-52+0340.0I1ZA0L./0

852432903/50./>0932504R/L-,3/+0-3Y.2>+0,9823\,/@0

83Y520QR.<,-?0,/0.0>,+-2,DR-,3/0/5-Y32SG0F/0.>>,-,3/0

-30-M50KKVXU[UVV0D.+5>0.<@32,-M960.0D.-0

38-,9,].-,3/0.<@32,-M90TD.+5>03/0-M505LM3<3L.-,3/0

8M5/395/3/0340D.-+W0,+0,98<595/-5>0-305+-,9.-50

-M50\.<R50340-M50823832-,3/.<0,/-5@2.<0T1FW0L3/-23<<520

@.,/+G0EM50D.-0.<@32,-M90M.+0.0-5/>5/L?0-30

.R-39.-,L.<<?0]3390,/-30.025@,3/0YM5250.0

8239,+,/@0.<-52/.-,\50+3<R-,3/03LLR2+60825\5/-,/@0

-M50+3<R-,3/042390D5L39,/@0-2.885>0,/0.0<3L.<0

9,/,9.G0EM50L398<5-50-M255[8M.+50I1ZA0,+0

+,9R<.-5>0,/0-M50;.-<.D̂K,9R<,/S08<.-43290./>0-M50

M.2>Y.250,+0-5+-5>0R/>520\.2,3R+083Y520QR.<,-?0

823D<59+G0(
��	���P07.98,/@04.L-32605LM3[

<3L.-,3/60U1KA60M.293/,L+60FEK:60KKVXU[UVV60

83Y520QR.<,-?0

�#O��_��O��#EM504.+-0>5\5<3895/-0340

/3/<,/5.20<3.>+0,/05<5L-2,L.<0+?+-59+0,+025+R<-,/@0,/0

.0>5-52,32.-,3/0340D3-M0-M50\3<-.@50./>0LR225/-0

83Y520QR.<,-?0T1ZW0.-0-M5083,/-0340L3993/0

L3R8<,/@0T1AAẀ)aG0EM50/3/<,/5.20<3.>+0.25093+-<?0

D.+5>03/083Y5205<5L-23/,L+0>5\,L5+̀HaG0K,9,<.2<?60

-M50 @23Y-M0 340 >,@,-.<0 5<5L-23/,L+0 ./>0

9,L23823L5++32D.+5>L3/-23<0M.+0,/L25.+5>0-M50

/R9D520340L2,-,L.<0<3.>+0-M.-025QR,250,>5.<0

+,/R+3,>.<0 ,/8R-0 +,@/.<+0 -30 4R/L-,3/0

.882382,.-5<?̀baG07,+2R8-,3/+0-30-M50@2,>0\3<-.@50

.445L-0-M50L2,-,L.<0,/>R+-2,.<0<3.>6025+R<-,/@0,/0

425QR5/-0-2,88,/@̀caG013Y5205<5L-23/,L+0D.+5>0

4<5d,D<50*A0-2./+9,++,3/0+?+-590TU*AEKW0>5\,L5+0

.250.--2.L-,\50-33<+043205/M./L,/@0-M5025<,.D,<,-?0./>0

L3/-23<034025.L-,\5083Y520,/0-2./+9,++,3/0

+?+-59+̀eaG0EM5+50>5\,L5+0344520@25.-520+?+-590

4<5d,D,<,-?0 ./>0 25+83/>0 QR,LS<?0 -3./?0

>,+-R2D./L5+̀faG0EM50R/,4,5>083Y5204<3Y0L3/-23<<520

TI1UAW0,+0LM3+5/0432025@R<.-,3/0340DR+0\3<-.@50./>0

L3/-23<034083Y5204<3Y0,/0.0-2./+9,++,3/0+?+-590\,.0

.0L3993/07A0<,/S̀gaG0K,9,<.20U*AEK0>5\,L5+0,+0

L3/4,@R25>60+RLM0.+0+MR/-60+52,5+60./>0M?D2,>604320

,9823\,/@0-M501Z0,/0>,+-2,DR-,3/083Y520+?+-59̀haG0

F/0-M5+50+?+-59+60.0R/,4,5>083Y520QR.<,-?0L3/-23<<520

TI1ZAW0,+0.0M?D2,>0>5\,L50L3/4,@R25>0+,9,<.2<?0-30.0
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%&''(')*+),-./01''/.2,314*.)51+),/0,,6662,7*88*,91::;,6+<(+11.(+<,=/881<1,0/.,>/51+2,

?;:1.*@*:2,A18*+<*+*2,B+:(*C,

DEF,GHI/8*.2,314*.)51+),/0,6662,7*88*,91::;,6+<(+11.(+<,=/881<1,0/.,>/51+2,

?;:1.*@*:2,A18*+<*+*2,B+:(*C,

�#
JK��J�&,+1L,H/+)./8,*8</.()I5',

:1:(H*)1:, )/L*.:', (54./M(+<, )I1,

.18(*@(8();2,H/54N)*)(/+*8,@N.:1+,*+:,

')*@(8();,(+,<.(:H/++1H)1:,*+:,')*+:O*8/+1,

@*'1:,4/L1.,181H)./+(H,H/+M1.)1.,';')15',

*448(H*@81,0/.,*H,5(H./<.(:'C,GN44/.)(+<,

)I1,<.(:,*+:,(54./M(+<,()',.18(*@(8();,I*M1,

.1H1+)8;,@1H/51,5*P/.,.1QN(.151+)',0/.,

8*.<1,:(').(@N)1:,<1+1.*)(/+,N+()'C,E+:1.,

5/'),<.(:,0*N8)'2,)I1,*HHN.*H;,/0,)I1,

).*:()(/+*8,M/8)*<1,'N44/.), 'HI151',

RSGG'T,(',:.*5*)(H*88;,*001H)1:,:N1,)/,)I1,

1U(')1+H1,/0,)I1,V1./O'1QN1+H1,M/8)*<1C,

&8'/2,)I1,).*:()(/+*8,SGG',I*M1,@11+,N'1:,

/+8;,(+,)I1,GA&A=W7,*448(H*)(/+',LI1.1,

)I1,*H)(M1,4/L1.,(',V1./C,&+,*:M*+H1:,SGG,

(+,)I1,H/+M1.)1.O(+)1.0*H1:,N+()'2,H*881:,

V1./O'1QN1+H1, H/541+'*)1:, M/8)*<1,

'N44/.),RX=SGT2,)/,*HHN.*)18;,.1<N8*)1,)I1,

)I.11O4I*'1,M/8)*<1',/0,)I1,H/++1H)(/+,

4/(+),L()I(+,)I1,4.1O'1),'*01);,8(5()'C,AI1,

4./4/'1:,'HI151,+/),/+8;,H/541+'*)1',)I1,

V1./O'1QN1+H1, H/54/+1+), @N), *8'/,

H/+'(:1.',)I1,*H)(M1,4/L1.,(+P1H)(/+C,

E+8(Y1,)I1,).*:()(/+*8,51)I/:'2,)I1,

4./4/'1:,SGG,(',*:*4)1:,1M1+,(+,.1'(')(M1,

:(').(@N)(/+,';')15'C,&',)I1,'1H/+:,

H/+).(@N)(/+2,)I1,8(5()1:,*H)(M1,4/L1.,

/'H(88*)(/+,RZ&-WT,(',4./4/'1:,)/,@1,

*N<51+)1:,)/,)I1,X=SGC,AI(',01*)N.1,

8(5()',)I1,/'H(88*)(/+,)/,*,'41H(0(1:,M*8N1,

LI(HI,4./M(:1',*+,*:PN')*@81,:HO8(+Y,

M/8)*<1, /'H(88*)(/+, '1))(+<, LI(81,

'(5N8)*+1/N'8;,'N44/.)(+<,)I1,*H,I/'),<.(:2,

1M1+,N+:1.,'1M1.1,N+@*8*+H1:,0*N8)'C,

AI(.:2,)I1,5*U(5N5,*H)(M1,4/L1.,:18(M1.;,

R7&-3T,)/,)I1,*H,<.(:,(',*8'/,0/.5N8*)1:,

0/.,)I1,X=SGC,B),(',:15/+').*)1:,)I*),)I1,

4./4/'1:,H/541+'*)/.',*.1,(55N+1,)/,<.(:,

08NH)N*)(/+',*+:,1+'N.1,')*@81,/41.*)(/+,

H/+)./88(+<,)I1,:1'(.1:,4/L1.,08/L,)/,*+:,

0./5,)I1,<.(:C,7*)8*@['(5N8(+Y,'(5N8*)(/+',

*.1,4.1'1+)1:,(+,/.:1.,)/,'I/L,)I1,

/N)')*+:(+<,41.0/.5*+H1,/0,)I1,4./4/'1:,

:1'(<+,*44./*HIC,,

\]̂_̀ab̂cadbefadg_hficadg_fj_dadgkbeldg_dam_̂nôcep̂ abdg_pfmdg_dadgkqeq

rfgip̂ _s̀rt_̀qqî_s̀t_ufv̂pŵcxyzyy
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&'(()(*+,*-./012((0/3-425+/*62,*-01--7773-8+99+-:2;;<-7,=),22/),=->0992=2-10/-?062,3-

@<;2/+A+;3-B29+,=+,+3-C,;)+D-

EFG-HIJ09+/3-425+/*62,*-01-7773-8+99+-:2;;<-7,=),22/),=->0992=2-10/-?062,3-

@<;2/+A+;3-B29+,=+,+3-C,;)+D-

K�
LMK�L-4N2-*0-,N62/0N(-12+*N/2(-

(NIJ-+(-I065+I*-()O23-90,=2P)*<3-62/IN/<Q

1/22-(*+/*3-+,;-J)=J2/-I090/-/2,;2/),=-

),;2R3-*J2-),*/0;NI*)0,-01-9)=J*Q26)**),=-

;)0;2-ST74U-9)=J*(-J+(-IJ+,=2;-/2();2,*)+9-

+,;- I0662/I)+9- 9)=J*),=- (<(*26(-

V0/9;V);2D-BJ2/2-+/2-*V0-6+),-*<52(-01-

T74-;/)P2/-I0,1)=N/+*)0,(W-(),=92Q(*+=2-

SHHU-+,;-;0NA92Q(*+=2-S4HUD-T0VQ50V2/-

(<(*26(- 26590<- HH- I0,1)=N/+*)0,-

I0,P2/*2/(3-VJ)92-J)=JQ50V2/-I0662/I)+9-

(<(*26(-N(2-4H-I0,1)=N/+*)0,-I0,P2/*2/(D-

BJ)(-(*N;<-5/2(2,*2;-+-;)(I0,*),N0N(-

I0,;NI*)0,- 60;2- S4>8U- 19<A+IX-

I0,P2/*2/-V)*J-+-.C-I0,*/0992/-10/-T74-

9)=J*),=3-/259+I),=-;0NA92Q(*+=2-I0,P2/*2/-

(<(*26(D-BJ2-5/050(2;-4>8QA+(2;-

19<A+IX-'>Q4>-I0,P2/*2/-),I9N;2(-12V2/-

I0650,2,*(3- 90V2/- *0*+9- J+/60,)I-

;)(*0/*)0,(-SB@4U3-)65/0P2;-50V2/-1+I*0/3-

+,;-J)=J-211)I)2,I<D-BJ2-J+/;V+/2-

5/0*0*<52-V+(-I/2+*2;-+,;-*2(*2;-+*-P+/)0N(-

'>-6+),-P09*+=2(-*0-2,(N/2-*J2-12+()A)9)*<-

01-*J2-5/050(2;-60;29D-'*-/+*2;-P09*+=2-

EYZ-[3-(<(*26-B@4-)(-\DE-]3-50V2/-1+I*0/-

)(-ZD̂̂ \3-+,;-211)I)2,I<-)(-̂ED&-]D-BJ2-

VJ092-(<(*26-211)I)2,I<-622*(-*J2-7,2/=<-

H*+/-(*+,;+/;(D-_��̀�
 �a-.b>3-T74-

T)=J*),=3-4>Q4>->0,P2/*2/3-.0V2/-

cN+9)*<-

d%LMe���Lde%�H09);Q(*+*2-9)=J*),=-

SHHTU3-I0660,9<-X,0V,-+(-*J2-9)=J*Q

26)**),=-;)0;2-ST74U3-V+(-),*/0;NI2;-),-

&̂fZD-42(5)*2-A2),=-gN(*-+-;2I+;2-09;3-*J)(-

*2IJ,090=<-J+(-5/0P2,-*0-A2-A2**2/-*J+,-

*/+;)*)0,+9-9)=J*),=-(<(*26(D-bN/*J2/60/23-

VJ2,-I065+/2;-*0-*/+;)*)0,+9-(0N/I2(3-)*-)(-

()6592-*0-N(2-+,;-+**/+I*2;-6NIJ-),*2/2(*-

;N2-*0-(2P2/+9-A2,21)*(-(NIJ-+(-9)=J*V2)=J*3-

I065+I*-()O23-J)=J-9N6),0N(-211)I)2,I<3-

2,2/=<-(+P),=(3-5/090,=2;-9)12*)623-+,;-

+P+)9+A)9)*<-),-P+/)0N(-I090N/(-ShD-?+,=3-2*-

+9D3-EZ&fUD-T74(-N(2;-10/-I0662/I)+9-

5N/50(2(-S011)I2-+,;-(J055),=-6+99-

9)=J*),=i-),*2/)0/-;2I0/+*)0,-+,;-(*/22*-

9)=J*),=-2*IDU-I0660,9<-J+P2-&Z-*0-EZZ-

?+**(-01-0N*5N*-50V2/-V)*J-J)=J-9N6),0N(-

211)I)2,I<3-60/2-*J+,-\Z3ZZZ-J0N/(-01-

(2/P)I2-9)123-62/IN/<Q1/22-I0,*2,*3-92((-

26)(()0,-01-I+/A0,-;)0R);23-90V-/2(50,(2-

*)623-,2=9)=)A92-5099N*)0,-+,;-+55/0P2;-
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� !!"!#$%#&'()*+!!)(,&-+.$(#/+%#&)*&&000,&1$22$&3+445&0%6"%++("%6&7)22+6+&*)(&8)/+%,&

954+($:$4,&;+2$%6$%$,&<%4"$=&

>?@&ABC)2$(,&-+.$(#/+%#&)*&000,&1$22$&3+445&0%6"%++("%6&7)22+6+&*)(&8)/+%,&954+($:$4,&

;+2$%6$%$,&<%4"$=&

�

DEFG�

0H+(&"%B(+$!"%6&+**+B#!&)*&6(++%&C)I!+&6$!+!&

*()/&#C+&B)%H+%#")%$2&<7&+%6"%+!&2+$4&#)&

+%H"()%/+%#$2&B)%B+(%!=&;C"!&.$H+4&#)&#C+&

:))/"%6&)*&.)22I#")%&*(++&+2+B#("B&H+C"B2+!&

J0K!L&"%&#C+&$I#)/):"2+&"%4I!#(5&M�NOP=&

9)Q+H+(,&0K&:$##+(5&BC$(6"%6&*()/&#C+&

I#"2"#5&6("4&"%B(+$!+!&#C+&2)$4&4+/$%4&)%&#C+&

6("4&$%4&+H+%#I$225&"%B(+$!+!&#C+&+2+B#("B"#5&

:"22!&#)&#C+&0K&)Q%+(!&QC"BC&%+B+!!"#$#+&#C+&

I!+&)*&$2#+(%$#+&+%+(65&!)I(B+!&MR,&SP=&

�T��U�F��VDV�F�WV�

XYZ[ \][ _̂Z̀abYc\̂deZ[ b_f[

g]eeY\̂]_hiZZ[_b\YiZ[]h[iZ_ZjbdeZ[

Z_Zikl[c]YimZc[nopqcrs[ \̂[mb_[dZ[

YcZf[\][mabikZ[\aZ[pt[db\\Zilu[vaYcs[

opq[fîwZ_[pt[mb_[dZ[\ZixZf[bc[

yz{||}~�{�}���{�����}�~����~���bi[

ĉ[]_Z[]h[\aZ[gi]x̂ĉ_k[opqc[jâma[

mb_[dZ[Zbĉel[\bggZf[\][Y\̂êcZ[̂\c[

Z_Zikl[\][mabikZ[pt[db\\Zil[��s[��u[

�Z_mZs[�t[biibl[g]jZi[̂ c[YcZf[\][

mabikZ[ \aZ[pt[ db\\Zil[ _̂[ \aZ[

gi]g]cZf[clc\Zx[ĵ\a[\aZ[aZeg[]h[

g]jZi[m]_wZi\Zi[\]g]e]k̂Zc[

D��VTD�V�&3+!+$(BC&)%&(+%+Q$:2+&

+%+(65&:$!+4&02+B#("B&K+C"B2+&:$##+(5&

BC$(6"%6&!5!#+/&"!&:))/"%6&"%&#C+&

$I#)/):"2+&"%4I!#(5&"%&#C+&(+B+%#&5+$(!=&;C+&

"%#+(/"##+%#&%$#I(+&)*&#C+&(+%+Q$:2+&+%+(65&

!)I(B+!&2+$4!&#)&#C+&6("4&B)%%+B#+4&

(+%+Q$:2+&+%+(65&!5!#+/!&*)(&02+B#("B&

H+C"B2+&:$##+(5&BC$(6"%6&$..2"B$#")%!=&

9+%B+,&$%&02+B#("B&K+C"B2+&:$##+(5&BC$(6+(&

I!"%6&6("4&B)%%+B#+4&'K&!5!#+/&"!&.().)!+4&

"%&#C"!&.$.+(=&;C+&.().)!+4&!5!#+/&"!&

B$.$:2+&)*&BC$(6"%6&#C+&0K&:$##+(5&

B)%#"%I)I!25& "((+!.+B#"H+& )*& !)2$(&

"(($4"$#")%!&I!"%6&4B�4B&B)%H+(#+(&$%4&

:"4"(+B#")%$2& $B�4B& B)%H+(#+(=& A+."B&

B)%H+(#+(&"!&.(+*+((+4&*)(&4B�4B&B)%H+(#+(&

$%4&�"%+&B)//I#$#+4&B)%H+(#+(&"!&I!+4&$!&$&

:"4"(+B#")%$2&$B�4B&B)%H+(#+(&Q"#C&#C+&C+2.&

�������������� �¡¢£¤¢¥�¢���¦�§¦¤� �̈ £ ��¤©

ª���« �¬�ª­��££� �¬�­�®�̄ «° �±²³²²
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1234 56784 9:8;<7=84 =94 <234 >;?>;4 ;=8@3A<3A4 784 64 BA7>;=883;<3>4
C2=<=@=D<67;4EFE<35G47E4<=4A3B:D6<34<234<3A5786D4@=D<6B34=94<234HI46AA6FE4<=438E:A34>3D7@3A78B4<23456J75:54C=K3A4<=4<234BA7>L41234
C:AC=E34=94<27E4C6C3A47E4<=4>3E7B8468>4CA6;<7;6DDF475CD3538<464A=M:E<4;=8<78:=:E?<75345=>3D4CA3>7;<7@34;=8<A=D4

NO1PHOQ4 9=A4 64 >;?>;4 M==E<4 ;=8@3A<3AG4 933>78B4 64 <2A33?C26E34
78@3A<3A4 =94 64 BA7>?;=883;<3>4 HI4 EFE<354 <=4 A3B:D6<34 <234 HI4

=:<C:<4 @=D<6B3L4 R84 O1PHOG4 <234 EFE<354 M326@7=A4 7E4 CA3>7;<3>4
M6E3>4 =84 16FD=A4 E3A73E4 3JC68E7=8G4 A67E78B4 ;=8;3A8E4 6M=:<4 <234
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l̂Yj[luUageel̂W\[ZUX\̀[YUZhkZhUhXWn[Y\[YaÛaU\̀[UjXk
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XbU\̀iaUfXY_UiaUXWU\̀[UhXW\YXlUXbU\̀[U|XXa\UhXWn[Y\[YU
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avfdgbfgdg̀ewfrgxgoanigdlfmqjfjmcvlgrflaf
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�����fhadxg̀lg̀fhqdfjbclhmfkglbggdf̀gjadqdlfqdrf
dad{̀gjadqdlfiargjyfiq�cdefclfjpclqkogfvàfqf

xq̀cglwfavfqnnochqlcadjsftmgfrpqofqhlcxgfk̀cregf
�����f�����fhadxg̀lg̀f|�y��fcjflmgfiajlfhaiiadf
�cdrfavfdad{̀gjadqdlfkcrc̀ghlcadqof�����f
hadxg̀lg̀sf�lfmqjfqfdpikg̀favfociclqlcadjyfcdhoprcdef
nabg̀fkqh�voabyfmcemfhp̀̀gdlfjl̀gjjyfqdrflmgf
cdqkcoclwflafqhhainocjmfjavl{jbclhmcdefqlfqfocemlf
oaqrf|}�y}}�yfrgjnclgfcljfjl̀qcemlvàbq̀rfrgjcedfqdrf
zg̀a{xaolqegfjavl{jbclhmcdef�����fhqnqkcoclcgjsf
tm̀apemaplfqfk̀aqrfxaolqegfqdrfoaqrf̀qdegyflmgf
g̀jadqdlf�����fhadxg̀lg̀fkgqljflmgf���fcdflg̀ijf
avfzg̀a{xaolqegfjbclhmcdefavflmgfiqcdfjbclhmgjfqdrf
zg̀a{hp̀̀gdlfjbclhmcdef�����favflmgfjghadrq̀wf
jbclhmgjyf̀gjpolcdefcdfoabg̀foajjgjyfmcemg̀fxaolqegf
eqcdyfqdrfmcemg̀fgvvchcgdhwf|}~{}��sftmgf���f
kcrc̀ghlcadqof̀gjadqdlfhadxg̀lg̀fcjfadgfavflmgfiajlf
g̀jgq̀hmgrf|}��fkghqpjgfavflmgfjcinochclwfavfcljf
hc̀hpclfhadjl̀phlcadfqdrflmgfgqjgfbclmfbmchmfjavlf
jbclhmcdefhqdfkgfcinogigdlgrsf�abgxg̀yflmgf
hadxgdlcadqof���fkcrc̀ghlcadqof̀gjadqdlfhadxg̀lg̀f
mqjfqf̀gjl̀chlgrfxaolqegfeqcdfqrupjligdlf̀qdegfbclmf
mcemfcdnplfàfaplnplfxaolqegjsf�cicoq̀flafqdf��f
jg̀cgjf̀gjadqdlfhadxg̀lg̀yfkplfcdf̀gxg̀jgsftmgf
vàbq̀rfang̀qlcdefiargfcjfcdhainqlckogfbclmflmgf
g̀jadqdlfjlqlgsff

f

f
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*+,,-,./0.123456,,4371869/3.:60.14511;;;71</==/1>6??@1;0A-0663-0A1B4==6A615431C4:6071

D@?63/E/?71F6=/0A/0/71G0?-/H1

IJK1LMN4=/371869/3.:60.1451;;;71</==/1>6??@1;0A-0663-0A1B4==6A615431C4:6071D@?63/E/?71

F6=/0A/0/71G0?-/H1

���O�� O�+1,4=/3P94Q636?1?3-R615431.N61

,69/3/.6=@16SM-.6?18B1TL;8BU1:4.431?3-R61

,@,.6:1N/,1E660193494,6?1/0?1R/=-?/.6?H1FN61

93494,6?1,@,.6:1V,6,1/1,6.1451.Q41M/,M/?6?1

,63-6,1M4:960,/.6?1EVMW1E44,.1M40R63.63,1

TLBXXB,U1/0?1/19V,N19V==18B1.418B1

M40R63.63H1FN61:/S-:V:194Q63194-0.1

.3/MW-0A1T<22FU15431.N61,4=/312Y16063A@1

N/3R6,.-0A1,@,.6:1-,1E/,6?1401/1,=-?-0A1:4?61

M40.34==631TL<BU1/0?1.N61LBXXB106S.1.41.N61

,4=/312Y1,4V3M61-,1V,6?15431.N-,19V394,6H1FN61

/3:/.V361Q-0?-0A1451.N61L;8B1:4.431

36M6-R6,1.N6136ZV-36?1-,4=/.6?18B1R4=./A61

534:1/19V,N19V==1M40R63.631.N/.1-,194Q636?1

534:1/1M4::4018B1=-0W1.N/.1M/33-6,1/1

E/..63@H1FN615-6=?1Q-0?-0A1451.N61L;8B1

:4.431-,156?1E@1.N61,6M40?1LBXXBH1FN61

,966?1451.N61L;8B1:4.431-,136AV=/.6?1E@1/1

,69/3/.61 ,=-?-0A1 :4?61 M40.34==631

-:9=6:60.6?1-01.N61,6M40?1LBXXBH1+1

?6./-=6?1,./.61,9/M61/0/=@,-,1451.N61LBXXB1

/0?136=/.6?1:/.N6:/.-M/=1:4?6==-0A1451.N61

M4:9=6.61,@,.6:1/361936,60.6?H1FN61

,-:V=/.-40,1Q6361M/33-6?14V.1-01.N611

<+F[+X1LG<J[G\]160R-340:60.71/0?1/01

6S963-:60./=1934.4.@961Q/,1?6R6=496?1

V.-=-̂-0A1/1I__1C1**_1Y1L;8B1:4.43H1

��O�̀ �a O�̀�1G0?V,.3-/=1?3-R6,1E6065-.1

A36/.=@1534:18B1:4.43,H1FN6@1N/R6193/M.-M/=1

M40.34=1M/9/E-=-.-6,1.N/.1/==4Q1.N61V,631.41

:/0/A61.N61,966?1/0?1.43ZV61-0?6960?60.=@H1

C-.N1-0?6960?60.1Q-0?-0A,15431.N61/3:/.V361

/0?15-6=?1,@,.6:,71.N61L;8B1:4.431/==4Q,1

54316/,@1/0?1?6M4V9=6?1,966?1/0?1.43ZV61

bcdefcghijklimcecfnoiopllqibrdislirqtuoelqi

QN-=61W669-0A1/1,.6/?@1.43ZV671/0?1.N61.43ZV61

M/01E61/?vV,.6?15431/1M40,./0.1,966?H1w-S6?1

.43ZV61R/3-/E=61,966?1:4?61T/=,41W04Q01/,1

R/3-/E=6194Q631:4?6U1/0?1R/3-/E=61.43ZV61

R/3-/E=61,966?1:4?61T/=,41W04Q01/,15-S6?1

94Q6314V.9V.1:4?6U1/361.N61.Q414963/.-40/=1

:4?6,H1FN61/:4V0.145194Q631?6=-R636?1.41.N61

:4.431R/3-6,1Q-.N1,966?1/0?1.43ZV6H1G.1-,1

94,,-E=61.41?3-R61Q-.N1M40,./0.194Q631

?6=-R636?1.41.N61:4.431QN-=61,966?1/0?1

.43ZV61/361/?vV,.6?1-01/1=-0W6?1Q/@1V,-0A1.N61

L;8B1:4.43H11
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$%&&'&()*(+,-./0&&.-1+203)-(40*(+./++5551+6)77)+8099:+5*;'*00-'*;+<.770;0+/.-+=.40*1+

>:90-)?)91+@07)*;)*)1+A*9')B+

CDE+FGH.7)-1+203)-(40*(+./+5551+6)77)+8099:+5*;'*00-'*;+<.770;0+/.-+=.40*1+>:90-)?)91+

@07)*;)*)1+A*9')B+

�

I��J�I	J+@H0+4)'*+6.(.+./+(H'&+3)30-+'&+

)+4.907'*;+./+3-.3.&09+&:&(04+&4)-(+

GH)-;'*;+/.-+070G(-'G)7+K0H'G70+'*&L-'*;+

4'*'4L4+&(-0&&+.*+3.M0-+;-'9B+@H0+7)-;0+

&G)70+90K07.340*(+./+070G(-'G)7+K0H'G70+M0+

*009+070G(-'G+GH)-;'*;+&()('.*+/.-+0N)4370+

/)&(+GH)-;'*;+&()('.*+)*9+&L30-/)&(+GH)-;'*;+

&()('.*+B+2L-'*;+)+30)O+904)*9+7.)9+1+7)-;0+

7.)9+.*+GH)-;'*;+&()('.*+9L0+(.+(H0+K.7();0+

&);+1+7'*0+/)L7(+)*9+&(-0&&+.*+3.M0-+;-'9+B+%(+

(H'&+)77+3-.?704+)K.'9+?:+4L7('3.-(+G.*K0-(0-+

?)&09+5P+GH)-;'*;+&()('.*+M'(H+,P+)*9+Q5F+

?:+L&'*;+)*)7:&'&+./+6%@R%Q+&'4L7)('.*+B+

80&L7(+)*9+G.*G7L&'.*+./+(H'&+3)30-+(.+-09LG0+

7.&0&+'43-.K'*;+0//'G'0*G:+./+&.7)-+0*0-;:+1+

*.+3.77L('.*+S-09LG0T+/)&(+GH)-;'*;+)&+

3.&&'?70+)&+M'(H.L(+)*:+9'&(L-?)*G0B++

 �������U+5P+<H)-;'*;+F()('.*+1+,P+1+Q5F+

1+E-'9+1+6%@R%Q+

V��V�J�WXY	JVW�+Z.M+)+9):&+(H0+

3.77L('.*+'*G-0)&0+(H0+0*K'-.*40*(+1+

G.*K0*('.*)7+ K0H'G70+ 04'&&'.*+ G)-?.*+

9'.N'90+1+G)-?.*+4.*.N'90+1+&L73HL-+9'.N'90+1+

;)&0&+'*+0*K'-.*40*(+9L0+(.+;-00*H.L&0+

;)&0&+'*G-0)&0&+1+.[.*0+7):0-+G-0)(0+'*+

)(4.&3H0-0+G)L&0&+/)&(+)G'9+-)'*+BA*+'*9')+

C\]+3.77L('.*+G-0)(0+(H-.L;H+G.*K0*('.*)7+

K0H'G70&+B@H'&+)77+3-.?704+)K.'909+?:+

070G(-'G)7+K0H'G70&+B+Z.M+)+9):+1+(H0+

90K07.340*(+./+070G(-'G)7+K0H'G70&+?0G.40+

(-0*9&+MH'70+'*G-0)&'*;+*L4?0-+./+070G(-'G)7+

K0H'G70+M0+*009+070G(-'G)7+GH)-;'*;+&()('.*+B+

0N)4370&1+/)&(+GH)-;'*;+&()('.*+1+&L30-̂+/)&(+

GH)-;'*;+&()('.*+B+@H0+&0(+./+4L7('3.-(+

G.*K0-(0-+?)&09+5P+GH)-;'*;+M'(H+,P+)*9+

Q)((0-:+0*0-;:+&.L-G0&+)*9+0_L'340*(+L&09+

'*+(H'&+&:&(04+'&+,P1+Q5F1+6,,@+1+2<+7'*O+1+

%<+;-'9+)*9+GH)-;'*;+B+

+̀@H0+&0(+./+4L7('3.-(+G.*K0-(0-+?)&09+5P+

GH)-;'*;+M'(H+,P+)*9+Q)((0-:+0*0-;:+&.L-G0&+

)*9+0_L'340*(+L&09+'*+&:&(04+3H.(.K.7()'G+

S,PT+1+?)((0-:+0*0-;:+&.L-G0+SQ5FT+1+

4)N'4L4+3.M0-+3.'*(+(-)GO'*;+S6,,@T+1+2<+

7'*O+1+%<+;-'9+)*9+<H)-;0-B++

+̀@H0+GH)-;'*;+&:&(04+./+070G(-'G+K0H'G70&+

S5PT+'*+40(H.9B+%<+QL&+)*9+2<+QL&B+A*+2<+

?L&+)-0+4.-0+0&&0*(')7+(H)*+%<+QL&B++

abcdefghfijgkclbm

ngmkopiqrsireekpiqrsitgupovpcwxyxx
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&'(()(*+,*-./012((0/3-425+/*62,*-01--7773-8+99+-:2;;<-7,=),22/),=->0992=2-10/-?062,3-

@<;2/+A+;3-B29+,=+,+3-C,;)+D-

EFG-HIJ09+/3-425+/*62,*-01-7773-8+99+-:2;;<-7,=),22/),=->0992=2-10/-?062,3-

@<;2/+A+;3-B29+,=+,+3-C,;)+D-

KL#��KM��C,-*J)(-5+52/-+,-)65+I*-

62*J0;-01-N),;-2,2/=<-I0,O2/()0,-

(<(*26(- N)*J- ;0PA9<Q12;- ),;PI*)0,-

=2,2/+*0/-*0-),*2/1+I2;-P(),=-1PRR<-90=)I-)(-

;2()=,2;D-'-;0PA9<-12;-),;PI*)0,-

=2,2/+*0/-S4TCGU-NJ0(2-(*+*0/-)(-;)/2I*9<-

I0,,2I*2;-*0-*J2-=/);-+,;-*J2-/0*0/-)(-

I0,,2I*2;-*0-*J2-=/);-*J/0P=J-+-A+IVQ*0Q

A+IV-'>Q4>Q'>-.?8-I0,O2/*2/-A<-62+,-

01-5/050(2;-I0,*/09-62*J0;D-B0-2,(P/2-+-

(600*J-4>-O09*+=2-+,;-(),P(0);+9-IP//2,*-

N)*J),-*J2-=/);-();2-)(-+IJ)2O2;-A<-62+,(-

01-*J2-=/);-();2-I0,O2/*2/-SGH>UD-BJ2-

(<(*26-)(-60;292;-+,;-()6P9+*)0,(-+/2-

I+//)2;-0P*-),-8'BW'X-P(),=-H)6-.0N2/-

H<(*26(-*009-A0YD--

Z
�������[-40PA9<-12;-),;PI*)0,-

=2,2/+*0/-S4TCGU3-50N2/-\P+9)*<3-TPRR<-

W0=)I->0,*/0992/3-F*)9)*<-=/);3-N),;-2,2/=<-

I0,O2/()0,-(<(*26-S?7>HUD--

�]��̂ ��M��̂]-?),;-),;P(*/<-)(-

A2I06),=-0,2-+_̀ abcdefcg̀hijklcmnldfldc

=/0N),=-2,2/=<-(2I*0/(-,0N+;+<(3-0112/),=-

*J2-()6592(*-0550/*P,)*<-*0-P,90IV-+-

/259+I262,*- 2/+- 01- 2,O)/0,62,*+9-

5/0*2I*)0,3-J295),=-*0-(+*)(1<-=90A+9-2,2/=<-

;26+,;-+,;-(*+/*),=-*J2-*/+,()*)0,-01-

(P(*+),+A92-2,2/=<-*0-+-N0/9;N);2-

2I0,06<D- o+/)+A92- (522;- I0,(*+,*-

1/2\P2,I<-052/+*)0,3-/2;PI2;-19)IV2/-+,;-

),;252,;2,*-I0,*/09-I+5+A)9)*)2(-10/-+I*)O2-

+,;-/2+I*)O2-50N2/(-+/2-01*2,-+IJ)2O2;-A<-

?),;-*P/A),2(-(P550/*2;-;0PA9<-12;-

),;PI*)0,- =2,2/+*0/(- J+O2- +**/+I*2;-

5+/*)IP9+/-+**2,*)0,-;P2-*0-*J2)/-+;O+,*+=2(D-

'I*)O2-50N2/-1/06-*J2-=2,2/+*0/-)(-

;2I);2;-A<-*J2-*P/A),2-I0,*/09-+,;-6P(*-),-

1+I*-A2-N)*J),-*J2-50*2,*)+9-01-*J2-*P/A),2-

=2,2/+*0/-(<(*26D-BJ2-;2O290562,*-I+P(2;-

A<-;0PA9<-12;-),;PI*)0,-=2,2/+*0/-12+*P/2(-

+-=00;-52/10/6+,I2-N)*J0P*-90(),=-+,<-

2\P)9)A/)P6-NJ2,-*J2-O09*+=2-/2;PI*)0,-

0IIP/(-),-*J2(2-I0,;)*)0,(p-)*-N)99-/26+),-

I0,,2I*2;-*0-*J2-50N2/-(<(*26D-4TCG(-+/2-

O+/)+A92-(522;-=2,2/+*0/(-N)*J-I0,*/0992;-

50N2/-292I*/0,)I-I0,O2/*2/(-+/2-P(2;-10/-

)65/0O),=-*J2-211)I)2,I<-+,;-50N2/-

\P+9)*<D-BJ2-6+),-I0650,2,*(-01-+-N),;-

*P/A),2-(<(*26-*J+*-),I9P;),=-*J2-*P/A),2-

/0*0/3-=2+/A0Y3-=2,2/+*0/3-*/+,(10/62/-+,;-

50(()A92-50N2/-292I*/0,)I(D-?),;-*P/A),2(-

qrstuvwsxvywz{vy|t}{~xvy|t{�tyvy|�wz�y|tyv�ts��sxz�svwy|t�{�y|tyvy|��z�

�{|~�st�u��tu��~st�u�t�{�s��sx�����

������������������

��� ��¡����¢



�����������	�
���������
���������������

��������������������������
����������
���

���������������	����������
 !����
�"�#$��!��������
�%$�&�!�����
�%$�'!�(���)�%��

*+,,-,./0.123456,,4371869/3.:60.14511;;;71</==/1>6??@1;0A-0663-0A1B4==6A615431C4:6071

D@?63/E/?71F6=/0A/0/71G0?-/H1

IJK1LMN4=/371869/3.:60.1451;;;71</==/1>6??@1;0A-0663-0A1B4==6A615431C4:6071

D@?63/E/?71F6=/0A/0/71G0?-/H1

���O���OP;063A@1,.43/A61,@,.6:,1/361

Q,6?1-01R/3-4Q,1/99=-M/.-40,1.41M4:960,/.61

5431/15=QM.Q/.-0A194S631?6:/0?H1FN61

M4:E-0/.-401451/193-:61:4R631/0?1/01

6063A@1,.43/A61?6R-M61543136?QM.-4014515Q6=1

M40,Q:9.-401N/,1E6601,QMM6,,5Q==@1Q,6?1-01

.N61/Q.4:4.-R61-0?Q,.3@H1+,1.N61M/9/M-.@1451

/==T6=6M.3-M1 ,N-9,1 U+;L,V1 -0M36/,6,1

?3/:/.-M/==@71.N61,Q??601MN/0A6,1-01.N61

,@,.6:1=4/?1:/@1=6/?1.41,63-4Q,1934E=6:,71

,QMN1/,1R4=./A615=QM.Q/.-40,1451.N61,N-91

94S631A3-?71-0M36/,6?15Q6=1M40,Q:9.-4071

/0?160R-340:60./=16:-,,-40,H1G0143?631.41

36?QM61.N616556M.,1451,@,.6:1=4/?1

5=QM.Q/.-40,1401,@,.6:1655-M-60M@71/0?1.41

:/-0./-01.N61EQ,1R4=./A671S6193494,61/1

N@E3-?16063A@1,.43/A61,@,.6:1UD;LLV15431

Q,61-01+;L,H1FN61D;LL1M40,-,.,1451.S41

6=6:60.,W1/1E/..63@15431N-AN16063A@1?60,-.@1

,.43/A61/0?1/1,Q963M40?QM.-0A1:/A06.-M1

6063A@1,.43/A61UL<;LV15431N-AN194S631

?60,-.@1,.43/A6H1+1?@0/:-M1?34491M40.34=1

-,1Q,6?1.41M40.34=1MN/3A6X?-,MN/3A61

93-43-.-Y/.-40H1</06QR63-0A1/0?19Q=,61

=4/?,1/361.N61:/-01,4Q3M6,1451.N61,Q??601

MN/0A6,1-01+;L,H1FN6361/361,6R63/=1.@96,1

4519Q=,61=4/?,71-0M=Q?-0A16=6M.3-M1S6/940,H1

FN6,61.@96,1451=4/?,1066?1=/3A61/:4Q0.,1451

6063A@1/0?1N-AN16=6M.3-M/=194S6371SN-MN1

:/Z6,1.N61D;LL1/1934:-,-0A194S631

,4Q3M6H1J,-0A1L-:Q=-0ZX<+F[+\71S61

EQ-=.1/1:4?6=1451.N61+;L194S631A3-?1

-0.6A3/.6?1S-.N1/01L<;LXE/..63@1.41,N4S1

-.,16556M.-R606,,1-01-:934R-0A1.N61]Q/=-.@1

451.N6194S631A3-?H1̂_�	̀ �O	�����+==T

6=6M.3-M1,N-91U+;LV71N@E3-?16063A@1,.43/A61
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�Z[UhUVfRWYRYZYiWYÛVReZYaVZifRbUU\ĝeuRiWYÛVW�̂aWZYR
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c\cf\c]Zchb\cè[aZeck[\g[n̂\mlfbcd[n\_Ẑo[pbcm[
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ABSTRACT 

This project presents an improved controller for the dual topology of the interline unified power 

quality conditioner (iUPQC) extending its applicability in power quality compensation, as well as 

in microgrid applications. By using this controller, beyond the conventional UPQC power quality 

features, including voltage sag/swell compensation, the iUPQC will also provide reactive power 

support to regulate not only the load-bus voltage but also the voltage at the grid-side bus. In other 

words, the iUPQC will work as a static synchronous compensator (STATCOM) at the grid side, 

while providing also the conventional UPQC compensations at the load or microgrid side. By 

using the MatlabSimulation we get the results. 

Keywords: Interline Unified Power Quality Conditioner (iUPQC), Power Quality Compensation, 

Microgrid Applications, Reactive Power Support, Voltage Regulation, Static Synchronous 

Compensator (STATCOM) 

INTRODUCTION 

The introduction to the project sets the stage by outlining the significance of the research endeavor 

within the realm of power quality enhancement and microgrid applications [1]. It provides context 

for the project's objectives and introduces the concept of utilizing an improved controller for the 

Interline Unified Power Quality Conditioner (iUPQC) to extend its functionality beyond 

conventional applications [2].In recent years, the growing demand for electricity, coupled with the 

increasing penetration of renewable energy sources, has underscored the importance of addressing 

power quality issues in modern electrical grids [3]. Power quality disturbances such as voltage 

sags, swells, harmonics, and fluctuations can lead to operational inefficiencies, equipment failures, 

and compromised system reliability [4]. Therefore, there is a pressing need for innovative solutions 

that can mitigate these disturbances and enhance the overall performance of the grid [5]. 

The Interline Unified Power Quality Conditioner (iUPQC) represents a promising solution for 

addressing power quality challenges and improving grid stability [6]. Unlike traditional Unified 

Power Quality Conditioners (UPQCs), the iUPQC offers a dual topology that enables it to provide 

comprehensive power quality compensation while also facilitating reactive power support [7]. This 

unique capability allows the iUPQC to regulate not only the voltage at the load-bus but also at the 
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ABSTRACT 

In this system the single-phase ac is supplied to load. The non-linear load generates harmonics in 

the input signal. Enhanced phase locked loop (EPLL) provides sinusoidal current from distorted 

waveform. The charger is connected through this supply for charging the EV battery. The charger 

has two stage (a)1- bidirectional AC-DC converter (b) three level DC-DC buck boost converter. 

The AC-DC converter provides DC-link voltage to 3-level buck boost converter. The electric 

vehicles battery is chargedin buck mode for grid-to-vehicle application and discharge in boost 

mode for vehicle-to- grid application. This integration of bidirectional ac-dc converter with the 

proposed three-level bidirectional dc-dc converter provide path for the flow of power to determines 

the state of charge (SOC) of EV batteries for charging mode. The single-phase AC input generating 

the harmonics for nor-linear loads. And using Enhanced phase locked loop to eliminating the 

generation of harmonics. The charger is connected through this supply for charging the electric 

vehicle battery. The charger has two stage single phase bidirectional AC-DC converter. Three-

level DC-DC buck boost converter. The electric vehicles batterycharged single phase AC-DC buck 

mode for grid-to-vehicles. The AC-DC converter provides DC-link voltage to 3-level buck boost 

converter. The electric vehicles battery is charged in buck mode for grid-tovehicle application and 

discharge in boost mode for vehicle-to-grid application by using bidirectional Converter. 

Keywords:Harmonics, Enhanced Phase Locked Loop (EPLL), Bidirectional AC-DC Converter, 

Three-level DC-DC Buck Boost Converter, Electric Vehicle (EV) Battery Charging, Grid-to-

Vehicle Application, Vehicle-to-Grid Application 

INTRODUCTION 

Electric vehicles (EVs) have emerged as a promising solution to address environmental concerns 

and mitigate the adverse effects of vehicular emissions on air quality and climate change [1]. 

However, the widespread adoption of EVs is contingent upon the availability of efficient and 

reliable charging infrastructure capable of meeting the increasing demand for electric mobility [2]. 

Conventional charging methods typically involve the direct connection of EV chargers to the 

power grid, resulting in unidirectional power flow from the grid to the vehicle battery [3]. While 

this approach facilitates battery charging, it presents challenges related to grid stability, power 

quality, and energy management, particularly in scenarios involving high penetration of EVs [4]. 
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ABSTRACT 

In this system the single-phase ac is supplied to load. The non-linear load generates harmonics in 

the input signal. Enhanced phase locked loop (EPLL) provides sinusoidal current from distorted 

waveform. The charger is connected through this supply for charging the EV battery. The charger 

has two stage (a)1- bidirectional AC-DC converter (b) three level DC-DC buck boost converter. 

The AC-DC converter provides DC-link voltage to 3-level buck boost converter. The electric 

vehicles battery is chargedin buck mode for grid-to-vehicle application and discharge in boost 

mode for vehicle-to- grid application. This integration of bidirectional ac-dc converter with the 

proposed three-level bidirectional dc-dc converter provide path for the flow of power to determines 

the state of charge (SOC) of EV batteries for charging mode. The single-phase AC input generating 

the harmonics for nor-linear loads. And using Enhanced phase locked loop to eliminating the 

generation of harmonics. The charger is connected through this supply for charging the electric 

vehicle battery. The charger has two stage single phase bidirectional AC-DC converter. Three-

level DC-DC buck boost converter. The electric vehicles batterycharged single phase AC-DC buck 

mode for grid-to-vehicles. The AC-DC converter provides DC-link voltage to 3-level buck boost 

converter. The electric vehicles battery is charged in buck mode for grid-tovehicle application and 

discharge in boost mode for vehicle-to-grid application by using bidirectional Converter. 

Keywords:Harmonics, Enhanced Phase Locked Loop (EPLL), Bidirectional AC-DC Converter, 

Three-level DC-DC Buck Boost Converter, Electric Vehicle (EV) Battery Charging, Grid-to-

Vehicle Application, Vehicle-to-Grid Application 

INTRODUCTION 

Electric vehicles (EVs) have emerged as a promising solution to address environmental concerns 

and mitigate the adverse effects of vehicular emissions on air quality and climate change [1]. 

However, the widespread adoption of EVs is contingent upon the availability of efficient and 

reliable charging infrastructure capable of meeting the increasing demand for electric mobility [2]. 

Conventional charging methods typically involve the direct connection of EV chargers to the 

power grid, resulting in unidirectional power flow from the grid to the vehicle battery [3]. While 

this approach facilitates battery charging, it presents challenges related to grid stability, power 

quality, and energy management, particularly in scenarios involving high penetration of EVs [4]. 
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ABSTRACT 

Power Quality is an essential concern in the modern power system that can affect consumers and 

utility. The integration of renewable energy sources, smart grid systems and extensive use of power 

electronics equipment caused myriad problems in the modern electric power system. Current and 

voltage harmonics, voltage sag, and swell can damage the sensitive equipment. These devices are 

susceptible to input voltage variations created by interference with other parts of the system. 

Hence, in the modern age, with an increase in sensitive and expensive electronic equipment, power 

quality is essential for the power system s reliable and safe operation. Dynamic Voltage Restorer 

(DVR) is a potential Distribution Flexible AC Transmission System (D-FACTS) device widely 

adopted to surmount the problems of non-standard voltage, current, or frequency in the distribution 

grid. It injects voltages in the distribution line to maintain the voltage profile and assures constant 

load voltage. The simulations were conducted in MATLAB/Simulink to show the DVR-based 

proposed strategy s effectiveness to smooth the distorted voltage due to harmonics. A power 

system model with a programmable power source is used to include 3rd and 5th harmonics. The 

systems  response for load voltage is evaluated for with and without DVR scenarios. It has been 

noted that the proposed DVR based strategy has effectively managed the voltage distortion, and a 

smooth compensated load voltage was achieved. The load voltage THD percentage was 

approximately 18% and 23% with insertion 3rd and 5th harmonics in the supply voltage, 

respectively. The inclusion of the proposed DVR has reduced THD around less than 4% in both 

cases.  

Keywords: Power Quality, Modern Power System, Renewable Energy Sources, Smart Grid 

Systems, Power Electronics Equipment, Current Harmonics, Voltage Harmonics, Voltage Sag, 

Voltage Swell, Sensitive Equipment, Input Voltage Variations, Dynamic Voltage Restorer (DVR), 

Total Harmonic Distortion (THD) 

INTRODUCTION 

In the contemporary landscape of power systems, the quest for maintaining optimal power quality 

has become paramount, driven by the integration of renewable energy sources, the advent of smart 

grid systems, and the widespread deployment of power electronics equipment. These 

advancements have ushered in a new era of electricity generation, transmission, and distribution, 
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