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‘ ABSTRACT
_ In an islanded microgrid, power electronic converters are used to exchange power,
B where these converters have very low inertia, thus compromising the frequency stability
Keywords of the microgrid. Virtual inertia control is used to improve the frequency stability of an

) islanded microgrid. The derivative control technique is usually used to implement virtual
Bobust output feedback, inertia control in the microgrid. Factors such as disturbance and uncertainty of parameters
= of the islanded microgrid compromise the performance of virtual inertia control and may
cause system frequency instability. Therefore, the virtual inertia control structure, a
complementary controller is needed that can weaken the effect of disturbance on the
ghcertainty parameters. microgrid as much as possible and be resistant to the uncertainty of parameters of the
microgrid. In this paper, a robust control method is used in a virtual inertia control
structure that uses system output feedback. The proposed method is expressed based on
linear matrix inequality and is proved based on the Lyapunov criterion. Among the
advantages of the proposed method is the attenuation of disturbance, resistance to the
uncertainty of parameters of the microgrid, and increasing the degree of freedom to
control the system in this method. The results of the proposed method show improvement
on the performance of virtual inertia control in several different scenarios by considering
the uncertainty of parameters of the two-zone microgrid and disturbances on the microgrid
are compared with several methods, and the effectiveness of the proposed method in terms
of improving frequency stability is shown.

E‘near matrix inequality,

vartual inertia control,

rnals sut

[ Downloaded from |

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]



http://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
http://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

oz e il (S 3lunl 3 enlial b (glacb 93 a0 555 (5lren g ul J 27

3o e dozes 9 (Sl S 5

AV

doddo —)

3 G5 03 b ao i J ST oSy A 55 mlie o)l (glas saza 3l 5 LS = ae VA Ul 53 4K 5 ppgide
u&,zﬁ).[v]%:&wumawo)gduw,;Cﬁ}iit?aw.\g}:u};m%mu@b;t.[\]@u,\;&ixs
bl il a0 (Y aa;:f@,aﬁcw«fjt:soyg D5 s Dl a0 5lt () tabaz 1 ipls Dy ot sl 6245 Ll
(e 4y Joaze (Vidizen 5 Shos S 55 (6115 aalt gy [F] o5 015 CodS 55 (F 4K 505 08 S5 e el
IS8 g ol 40 Bl oo 5 ) s 4 4S5 45T Sl (Sl ) sl s 1t (Y (o) 1858) & 53
Jor 555715 5 5551 015 oS 3l 5o iS5 )5 G Doy Sy 5 Al Cosllan Jal S 53 D) e S
S e 55515 5 5551 05 ol 2 osDle Bl by 513 slo o Sl 53 g, 487 Sl ol Y F] S o
2385, J S 2l [B] )1 edge 1) odd asetie b uslie )3 (s SU5 5 IS5 Gladaiite d ST s
Sy Sl S 3 (Gl alis (glo s s Sl 53 aK gy Pl o 5 ool 5SS 3505 (6005 Caanl (glo o Sl
WSl 53 [F] 550 e3lial 4 56 53 S a5 ad gl iS5 IS ail Sl el o S5 55 S S
o5 L s 4 s Sl g Cack glyls wlie pl 5 15 35z S 55 5 3k 5 Bl pd e (6551 e
S b1y 83 U ST dlis gmlie i 3 g 5 el iy g5 L Al s S5 g3 5 Sl 3L L 4 sl 5 50L
Sldin Go b 51 (S W55 (ool s 59) gle o2l b SV AS (or 500 Do e & o (6 0 Sl sl
JS7 ol il (gl (g ) D)8 5 S0 (gl 4l s 5 b 5 ST e il 015 oS5 b Dy S5 5 ST
S Sl Koy 53 S p S Sl JAS il 533525 65 ol s VY] i o 20715 lo o S
ailo) S il g 35 s K05 cABl 3bj gl Seb ) 53 0S5 wlie S b 48 Slos e 55k 4 Bl a
Sl Sl 5, o8B G 5 AL ST 3 U S el Sl S (456 ST il 5 a5 S
25155 psehe Tl 0dd = an (Slee 05K 5 5155 psthe o S ) 53 Gl sl O g (3] 2510
Loi (g 5 ol 0 e (gl o a5 03 (SIS g ol OB ey gun o 09,80 5 5135 5185 51 B (61 (63l
Gl 35 3 ads) &S e S5 Ol @ (il (gl ST [V ] 505 5 08 (slo i S, 3 WS sl
J S ailo g adsl S il 0D (sl o 4K 515 3 (oilS 3 (oIl 30 o shite 4 ol s [WV] S o e S5
S5 03 e S35 2 Ysane Sl (o ol J ST VFVY] Sl o033 ) & 5 (Ghlame (g o) J 257 4l cay 56
S 1 5 e )l g sllan 3 Sas (slo o €S 55 (Gl alyly Coalsd oo 55 LB 55 5358 o0 (5lwesly
b oo oslizal T Hlslu 55 O3 pl b ablie yshiie 4 ST oS J 28
Seipy 03 b bl Conlid pite 5 SLELLEN 2 53 (Glome (gl IS5 Shas 550 ) shite & (656 oS 87 S
vt 25 by Sl (gl ST St 5 it Bl JAS Gy 6y [10] sl eslisd sle
Gl eyl Coalad pde i 53 48 e oy oS ST V] Sl ok (b (glo i S5, (S S0l

@ﬁ))WﬁbJ\}Quw\ﬂ‘j)>£)Jd|4;;"_..«\ou\.f»'a:@‘djwwﬁ\dﬁf}t&ujbc@‘r)uﬂ&J_}i)

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VE) Olny 5 5l ¥ o)ladi Q0,953 5 owikige 5> (b 8 laalel 4,25


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

o e il (S slunl 3 enlial b (glacb 93 a8 555 (5lren gl J 1S

3o e dozes 9 (S yual S 5 AN

35 5Bt 4 (el 315 0T 3 oSy W5 wlin 3585 48 (glo sz Sy S8 3 [IV] I e 5 Sk (lo 3
D] el ot o3lizl HOO oS 257 51 cglo o Sy (il 3 (oIl 35 5 Sl (ol JAS7 5 Slas
Sl el Coalid e 5 SLBLEEL il 3 o B (e gl J ST ksl s (Ho0) sus w8 L ys eSS J xS
=3 oL 35 skt 4 (gilre o ul U S lsle 53 (oS5 JAST ey & DAL ol pslis (glo o 4G
b lie (3luo 155 S35 g SSlomn o il U ST Eas ilwesly 4 Y0 ] 53 [NA] el ok 03 IS 4 lo o 4K
G 3 5egr g Bl ol cncbliie (6 3luo st 3 ool 0k i1 3 (Sl o 4S8 505 oS5 (61 5 nge 5 shite 4 Ul
Sl (55 0 55 (U o 31 0515 1 [Y0 ] 555 gn 030 518 @ (slo s i K505 53 (gl 2l 55 5 IS iS5
30 ot 4 (036 2N OT (655 2 (g5lme (g2l S8 (Vb ca)ls (gl s S5 53 15 6331 e able Sl S
@y e,13 3 5 s el )y Cnla oo dlis ((slo o 4G 525 53 [YV ] sl o s cgll p s 4S5 (S (501
ol 0k o3lital adss oS Sl claaalad pde pl 1 55 0T 3 ,Sles 35 55 5 Sl (o2l I8 5 Shas 5 5g
Sy g2y DLl plp 55 bl ol pslin lop o Sy Gla eyl Sunlsd pde iy 53 0diS'd S ) [YY]
T 28 555 6K (&S e ole) w2 0l SUs By )1 5 OLalazel Camads U155 3,106 (g sllao Olukizr 3 Shoe
oS J S [YF] Sl o 03 5 IS @ c(slo s o aSUE 5 (iS5 (UL 3 mg psbite 4w jul J 28T Hltle 53 S ol
ol 03 el 0y 58 4 (Ghlome g ) U ST Sl 5 (Slo s A g (lS B I S Hshte 4 i Gl (56
S s 8 5 (55l a4 I YF] ol 0 o3lizal ydy 5olas oS 2875 Sk 3 g (sl (656 hate S s
o3lial OT (oS3 (51l 3 500 5 (IS5 U ST 5 shate a0 Sl p s G505 55 (S5l (o 2l U7 61 el S5 50
456 8 adl 3 8 i 5o L aSsi s 55 (il ol J ST (61 HOO 08 287 1 b 4 YV] 5 [Y00 Y8] o ok
o el ot g &S5 025 S Sl 0 w3y o 45 (5P (ML 3 5 IS RS ket
Cnlil gl 3 5 358 gy (il L s e S (6o 4 ol ol o3lil (gilme (ol SRS all
b 4 Y] 53 [YA] 5516 (5 5 gn 3 Shas slo o €S 505 p 301y SUBLEEEN Bl 53 55 s cal Ll ABL p sl s el
S 5 4l 5> [uilS 3 Bl il Al (il B L 5 s kit @ lalns S5 1 Sl o ) JES
Sb ) ol Slalacsl Cands oUl5 glasb 55 a5y 6 (6lgidy osy Sl ol aistls  aSil 5 93 o O 5 Dbl g

.updﬁspmd@,up@bL;u,:,,bgg,:*bsc.ujlﬁﬁwpﬂ.uba.mﬁ.\g,:cu,j

dle ol ge o35 g oslial (glo o a5, 53 Sl gl J ST (S5lwesly (6l G J 28T i) 51 Y sane

e Dol S 5 35l g St ) (Sl gl ST 5 Slas cll i S5 e el Conl gt 5 Sl
ALzl 1l o8 Sl oSG oS 28 S0 a3 (6 lmn o ) DS Sl ¢l 13 58 o 1S5 (55100
G35 S cdlin pl 53 Bl pglie &S5, Gla bl Colad pde plp 55 5 AST Cands Ol A B 1y S, 2 5l
3 S o 03l (8 52)) s (3 5 S5 51 48T sl 0k 03,2518 4 (¢ lee g ) ST el 53 plie S S
015 s okt ras bl e doar Sl 0 DU O sl Sl 4y g 0dld Ol (ot (s Slo (5lesl (Sl s (o0lg20y

J})J‘)wa‘,‘;{é‘jSJ‘JTQb—)J&‘Jﬁlj@ﬁ)duﬂbh\Lﬁ}aj(-@j\jjjdjyrjuacjw‘wk

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VFoN Ol 5 5l oF eslad Q0555 0B 1 ovikign 3 (s 1 gladilel 4,55


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

oz e il (S 3lunl 3 enlial b (glacb 93 a0 555 (5lren g ul J 27

3o e dozes 9 (Sl S 5

A

Cnbad pde (5 8 i 55 b Calen sl A 3 (Sl (2l U85 Sas 35 sl 53l o) b oS oLl
ok aiopp Ploais'd 8 5 e hlomn (o ol J S L a5 3,05 sl il 55 5 lasb 93 4K, sls el
Sl ok ds o (p g0 S8 3 55) (S5lrmn g ) J 25 555 55 Oady 5 eSS 0 liS U S gk (§lamn g IS
Hp 33 035 pslie (b1 s 015 bl il 5 uilST 3 Sl il alS 5 el e Blond 31 s3lgiing B 035 fs 5

Sl 0 (al:u‘ u.l:.,c )\)-9‘ (zj.a BE) LSJLMAA:..& el ol 0315 OLiS 6‘4::-\.’ EE) 4§“";'J'.'.) LY JJ‘} Slalize! 9 Laj.“ﬂ‘)\._{ w (a..l.&

Glasb g3 SKipy 4o WS 5 Gl Jobe 55l s 4 oY) e 5o i LS5 Jide cpdi 1l
a4 dF) i sl sds o1k (glasb g Sipy sl ol plfu oS J 28 (F) ide o Cewl odd asls
33 oo Sy (ol gl U ST 5Ll 53 0 03, 58 4 (sl o) ple b OT amglio 5 (e3lgthn o) (S5luand

Sl o Ol Lgﬁf:\a::., (0) idw s .Cwlodd astls 5y (slaU
Sl>b 95 a5 ¥

S0 3o 4 395 90 Sibre (o il S5 V-

Sl s g 5 (63b m)5 e mlin [YACYA] ol S50 ol 0 sl (So o S 505 &S5 (il 5500

s (ol b (ol SL1s mlie pl 5 ST e Wl U155 b Dyl S5 S sl b 5 Sl s
S 3 Gle 4S5 55 wilS 3 J ST (6l s il i cpl s [YACYA] WL e st 4 |y a5, S gL
Sl 53 ok Gt oS G50 53 bl 4 S S (O s ST (Y (e g 21 DS (12 ol & sl 8 8
838 b O i 4S5 4 s b b J2ST la ail L g 3 il Jleb (e (oo ) IS ke Gl
Jgﬁfdﬂﬁ@&,:k,wﬁ\.[v\]>,m§rzj-,_,;>t>~ﬁ¢~ws,>,uaﬁ;s&&;ﬂ@;@m;gwu@sb
Sl s B ol 555 05, K0m slay 55 o8 (e 93 83 o e iz (551 L ST Ol i 55ILT
ol Lim (gl 5 Sl s s (g3le 05, 55155 psphe S (sl Do skl 4 A o bl
09 S 551555 Sas 5l jols Jide &S5 (6 lame o ol ST @13 53 VAP 2005 50087 lo o 4S5 53 o83
Sl 38 oo ((88520) O (oilS 3 oIl 35 Sl Sl i Sy 3 Dokl 55 5145 ol (5 lome
o Ky, cSlo s a5y wilS 3 Ol ak tar OT 534S Sl ol 0313 Olas (V) IS )3 (5loes ol J 287 (Sl

ool (S 5lmn (o ) D15 DS TAP 5 Sl gl Sl CabIT, (3l g

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VE) Olny 5 5l ¥ o)ladi Q0,953 5 owikige 5> (b 8 laalel 4,25


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

o e il (S slunl 3 enlial b (glacb 93 a8 555 (5lren gl J 1S

3o e dozes 9 (S yual S 5 q-

inertia—max

sK
MAE ————P» 1+ sT = AP

imertia

Wirtual inertia control

based ESS

iner fia—min
NA-1T) S5lme (g gl J 58 (Saold Jore I Ko

Slab 93 (810 3 4T 5 Jlsbo —Y-Y

Lok bl b ol @ o8 isd Jate a4 (B bk Gk 5l glasb din o et

Hlods fuate va & BLi ol st S G b 514 (lamb 53 (Slo p s i, &S bl () IS 3 £ 2 (HVDC)'
Sy a5 SYMW s b L 51 o 55 K Jols K b a5 o) S8 Gallas [Y4] Sl 0l 0315 05
oy ,5 Joli (033 4l K, 55 oS Jo 53l NOMW L 5 FMW 25 b b (550 0 5 e MW s b
) dAS Ll VMWL s FMW s B L 6550 0 503 s AMW 8 B L (gL ae )50 OOMW 23 L L 51~
55 o Giledalate 4 oS Ul 6K Olsie 4 S 3500 Wl 5 358 e (Siluesly (551 03 e G55 2 SSlre
S5 55 lamb 93 Sl (Soalys Jue PASIF] ST 6887 iS5 57 s 0 ot 40 ot 605505 03 5 e
I oML LT (6 cnlin Je S5 ST a8l 2alST 45 o Jobe (sl 93 a0 515 (1l (812 el ok o315 L ()
w5 3 Shas Slalizel il 55 glasb 5 i, ST 6l (1) IS8 Gollas [NA-YF] ol ol o3lianl (sl iS55 5 53
o) DS (il oz 4§ b5 55 J xS all d 355 glab 53 4K 5 53 (w83 6ILL 5 g o 5 LEL 4Bl
(Slab 93 8y 5> Sl (o ol JEST (51 oS 28T (b ) st 4 IASVF] 4 56 J ST (F gl J 287 (Y (5 le
Sbpsamb 2 6l JAS oy (b 4 e (ol olaT iy (glambips K55 5l b a S (gl Jobe Lz

el 0 42>">j:7

! High-Voltage Direct Current

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VFoN Ol 5 5l oF eslad Q0555 0B 1 ovikign 3 (s 1 gladilel 4,55


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

)

oz e il (S 3lunl 3 enlial b (glacb 93 a0 555 (5lren g ul J 27

3o e dozes 9 (Sl S 5

g

e

Generation 1

Energy Control Center
Control signals Control signals
""""""" (( Prim:r.\') LFC ( Inertia ))'"""""""""‘
control control
? Measured signals
Wide-Area

:'""'"'""""'"

Area-1 ‘
pememmnn Systems (WAMS Area-2
R s R
Loadl | fl_ i3 i‘f-’ 7 Load2

15 .vm: & ! o ¢ o
I_‘ ! : SJ Generation 3
2 3 ! ' ¢ 7 s -

|
1 ‘l'nulor-«' ' HVAC / Tie line l Transformer J
Thermal power plant Thermal power plant
Generation 2 i m Generation 4. :

Virtual inertia ‘

control 3 ;

6 MW ] f S MW/

™ : ‘4 MWh .'
. Solar farms L4 Mwh \ ’ Wind farms .-~

Y] Sla>b 90 4lub 3y S .V o

-—

A

control

]

@ i |

1 Dead Limiter 1
LI ~
Tg15+ 1 band > T;s+1

AP,

.
+ X,
]
+
Secondary
control
B, loop
[y E

NA-11] Glab 93 4K 3 5 (Kool Joo ¥

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022

VBN Olins 5 5l ¥ e @ oy53 03 mikige 3 ot b slaglels & 25


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

o e il (S slunl 3 enlial b (glacb 93 a8 555 (5lren gl J 1S

3o e dozes 9 (S yual S 5

ay

98 4>l 9 <O 4l 4l 3y Il Glad Jow -T-Y

oG 4l 4Sd 5 el Slad Jow - )oY

(V) oty Sy oo 0 0T (ailS 3 (6511 5 5mg 5shaie a0 (5lome s ol J 287 (gl K am b a3y Il (gliad SYolas

Af,
AP

ml

AP

gl

AP,

ACE1
AF’inenial
AP,

APtie 12

y=[10

gl

21T,

0 O 1
2H,
S 0 O
Ttl
11
Ty Ta
0 0
0 0 -1
TVIl
0 O 0
0 O 0
Af,
AP,
AP,
0 0] AP,cey
APinerlial
AP,
APtie,lZ

1 -1 ]
2H, 2H, |-
Af,
0 0
AP,
0 0 || AP,
0 _Kl APACEI
0 0 AF)inenial
_ AP,
1
TPV AF)'[ie,lz
0 0L

o

O O O o

|~

TPV
0

0 -1
2H,

0 0

0 0

0 0

0 0

0 0

—2xT,, O

AP

solar
Af,
AP,

) o 03l OLES

)

99 4>l 4l 3y LIl (Slad S -Y-T-Y

(V) dasly &) g0 4 O (oS3 (oI 3 9o 55kt 41 (S3lme (o 01 U287 (6 93 4 4Kl 5 Il (sLdd SVl

Ol 0 0als OLES

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022

VP Oln) 5 5l oY oylati 8 oy55 (3 omilige 3 s slalolu 4,25


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

oz e il (S 3lunl 3 enlial b (glacb 93 a0 555 (5lren g ul J 27

iy 3o e dozes 9 (Sl S 5
[-D, 1 5 o &t 1 -, |
M. 71 2H, 2H, 2H, 2H, 2H, | . L
Af _ Af, o o0 — o
-2 0 11 0 0 0 0 2H,
APm2 T[Z Tt2 APmZ 0 0 0 0
. -1 -1 1 0
0 — — 0 0 0 |IAP 0 0 0
Aoz RaTq2 Tee Ty o2 0 0 0 AP, g 0
AP,ce, || -B.K, O 0 O 0 0 —a,Ky || APpcesr |+ 0 0 0 Afy +| 0 [Uz]
APin.eniaz 0 0 0 O 1 0 0 AP, rias 1 AP, Kuiz
. Toiz Tf 0 0 T,
APW -1 APW wt 0
. 0 o 00 0 — 0 0 2iT, O .
APy 1 w APye 1, - -
L | -2xT, O 0 O 0 0 0 L 1+ -
Af,
AP,
AP,
y = [1 0 0 O 0 O 0] AP,ce»
AF)mertia\z
AP,
AF)'[ie,lz (Y)

99 9 <O 4>l Al p y Sl p Wwu polis ouiss J s 140 Y
SSlgiy oS J i bl — )Y

b e oy 5o 4 (Sl o ol ST e 35y 5t 4 a5y S 4 b (6 bt pslie J ST s
sers il o b eyl el cos 4 S L 3 (glasUgs a5, 53 45 Sl g & oS J 1S it b sl okl
4{‘@‘6%@}&4{)@c.\..'”ﬂ\.:sc.i:‘:Jﬁ)&rﬁkf'oj.p);)J)U;'Jﬁ)bd\:—@kﬁdﬁa)‘.ﬁ‘d&‘d@j))b
b Sosb (JAS e (K505 o Sl 51K a5, 051 5 glte 4) ol (6 2y (Sl s gt 5 0T Sl s
e L s 5 eSO L s 2elyl el S 5 oyl Slalizbl 5 glasU g3 i) Sl asb ja 45 (ol

35 s shie 4 (oolgiig J ST Skl (F) JSCa 5o a7 es,5T 15 121, _ » Shrn 855 53 Dlalazel ) sam 3 5 AL
W,

35 el 0 0305 Ol ilazkl Cow 5 (g ml)l el 3 8 a5 53 b oSG 4l a5 gils (ol IS 5 Shes
?U@}ué?a\;i;Q‘Y:bu.CMALs.\}:fd@:ll)wj:)bjthcdﬁ?ljd&\f}&\}:ﬁ:}/c(\c)p
JJSL.\;JMUL;Wdgwﬂgﬁjuu.w\auJ.u(\')da{b;,,y@(z)auV,_Ja:@.jf&:éf,u);pgi;_

Wl S5 A a5y (6l (lgii Sl dilen 55 534U a5y 53 (Gleee e jul J RS

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VE) Olny 5 5l ¥ o)ladi Q0,953 5 owikige 5> (b 8 laalel 4,25


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

o e il (S slunl 3 enlial b (glacb 93 a8 555 (5lren gl J 1S

3o e dozes 9 (S yual S 5 Q¥

D (Load 1, Solar farm, Frequency deviation of area 2)

Microgrid
{(Uncertainty)

Reference (vr) » YFX

Sl owiis” J 55 b <O 4 4Gl 3y sl le £ IS

X

A (0% g 4By OU g + D g (W g4
Cy. Oy +DytW +D,, (O, o
y = C 20X Dy (W +Dyp (t)u.C, #
oA Y el b s 2z Bliskl sl d o J S slagss,s M ol e e sl N o(¥) ol >
b5 65 o311 Ol S b a5 5 53 O YT ] ol 0k i (gl g 5 5l ] 5 (st e (6, o511

U&D‘Jﬁf@-‘k)gmbbjbg‘j@bzﬁ:ﬂC,..»\a.LJva:l.a.:.w‘@-jﬁdgu\tsc}Lbins)\u)\.bbfjLAC;.H:—

PY=¥ ]S Jse (F) dlasly Oy g 0 5 25 8 55 omali | ot e S bl ol Ol 55 or 3Ll s p3 08

At)=A+AA({t)=A+AA
B(t)=B +AB(t)=B +AB
D(t)=D+AD(t)=D +AD
C,(t)=C,+AC,(t)=C, +AC, )
D,,(t)=D;, +AD,,(t)=D,, +AD,,
C,(t)=C,+AC,(t)=C,+AC,

Y] 313 0L (0) dlaly D)o s 5 3 a5 55 3sde Kb gy b 51 OIS 0 1 (F) ey 53 w8 5 5 55wl

el o 4 & a5 53 11 w5l G Sy po 4 F() () daty s [YF

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VFoN Ol 5 5l oF eslad Q0555 0B 1 ovikign 3 (s 1 gladilel 4,55


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

oz e il (S 3lunl 3 enlial b (glacb 93 a0 555 (5lren g ul J 27

3o e dozes 9 (Sl S 5

a0

AA,, =M, F (N,
AD,q =M, FON,
AB,., =My F (N,
AC, =Mg¢, F Ng, ®)
AC, =M, Fu{Nc,,
ADy, =My, FaNopy,,
FLA)xF (t)<I,F?@t)<1

Sy go t bl 5 camel 615 &K ab Sl 55 55 (Gles ol J 257 (6l olgiin (Salys oS J 287 ksl

g:~w| okl a)‘.} QL;.: (9) 6\]@\)

A A A A

Xt =Ann X+ B nxp Y px1
*#)

A A

U =C mxn X 0

@‘cMo)‘)QL&u(V)4.194‘)41:.»:)MM%WJBL»c(f))(Y‘)b‘))%{jl.:

X =A(t)x +B)C x+D ()W
2 =C,(t)x + D, (t)C x %

X+BC,x

>

A
X =

(V) ‘\b‘) ‘)Z _

A

|:Xi| u:gjfjl@)éb@‘)\%QM%W‘J{G&};’MWM)?,X Jf\c(V)‘\lm'b)b
2nx1

g:,‘.w‘ ol (/\) M‘J 4.1 ‘}."‘-LJ

: D(t) - - -

X = X+ W,,=Ax+Dw \)
2nxd

2nx2n
S5 e Sl -Y-Y

3 e 55 (oolgiiy oS J ST aLazl 5 (6 alil (amel (S11s G b S 5 5) s Al (s (5

3,ls

A5l ol Il (6l ol o Aty Al e SN D5y ()

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VE) Olny 5 5l ¥ o)ladi Q0,953 5 owikige 5> (b 8 laalel 4,25


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

o e il (S slunl 3 enlial b (glacb 93 a8 555 (5lren gl J 1S

3o e dozes 9 (S yual S 5 hYd

S Ty s llLilllle -, 3 Ses 4 i ad gl ool 13 b dw il (s ¢ fumal 5 BB sl s (Y
Lo

Sy s 1 UL (oI e ol 0ol 23lizal o gL (o)l e Sl o3lgiiey 25 6ol U 6

1A el 0l (i x5 () sl Do) 0 40 Aty il s Sl LU Slime Ll 0l Jles] 3LAZEI L G 4b

el 03Y D 5L oL s Sls IS s ol STl (9(€) ) 5 (9(@) ) L% o

_T -
v=x px>0=p>0 (9(a))
X =AX+Dw 9())
.T T . TOT CY)

V=X pX+X px=x A pXx
T T T
.

+w D p>2+>2 pA>Z+>Z p[_)w <0 (9(c))

-1
Ot ol b ST ] Cleds (s (V) daly 3les Py P 5LV >0 ia9(@) Lo Ul

-1
o G s ol e Jsl bos SUI 6l il o g le 358 Sler L Sle UL (V) daly lae PP e SLe

Ll pB= B, O alaly bl ods S L 53 (V) daly &g

Snxn N nxn -1 Rnxn M nxn
p B N :1-><n U nxn ’ p B M Ixn Tnxn (\ .)
L [SR+NMT SMNT ] 1., O
=] - = (1Y)
NTR+UMT NTM+UT | [0 I .
; R | ; | S
IMT o o NT "

5L Usl sline (6 ot g 5o (§3beal (V) bl 51l ook T oy (V) a5 «(1Y) 5 (V1) €1 +) Ll (1,
SolL slae Js .bj& il e j."f)_).: (V) abasl ) ;E> b S olusls a5 SIP 3D e el oaT S (9(a) )
Dshe oA SRS e sl s

- _T_RM|S_R RS—l—MNT_R'
B pﬁl_ﬂlﬂ2_|:l 0 }{0 NT}_|:| S }—|:I S:|>0 )

s &S lI:; ||||L2 =, e Sny DB OF) Ly, 5l (b o ile slo gsbonsli nl o ol (o (oo e
Lo

alal, ) el s atig OVF) alaly Bllas ol el Cond S 4l aSiigy) ol 4 cod clalezél ials

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VFoN Ol 5 5l oF eslad Q0555 0B 1 ovikign 3 (s 1 gladilel 4,55


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

oz e il (S 3lunl 3 enlial b (glacb 93 a0 555 (5lren g ul J 27

3o e dozes 9 (Sl S 5

v

Loyl v <0 oo Sebld 5l pgo S g &b og e AT (a0l o0ld olis ] &yge 4 Ban &b ()
T T 2OO T
_c[z z dt <p _!W w dt RS

i=@"z W w)dt <0

Ot}

iie JLEl 55 alal, ol «00) alaly 6,551 sl ol s Ciy a5 (10) ala, Bllas § o al sl Vb Wil

el o atings (VF) adaly &g a0 ] a5 0k

o)

el 85 55 Beibld pgs s g ol gie | b w3l 13 (VF) alaly oS S50 o
z'z —yW'w +v <0 (%)

alal, 4y 5 JoSe 5 6, 5l ool L (V) abaly o9 as oy yile g5basl a4y ot wsb 1) (V8) alasl, ol

Sl 00 Jg...\.».: Ay

T . . crey 1]
A p+pA pD T
¢ bra Y)
5,=|Dp 7 0 <0

{Cl(t) D, (t)C } 0 -1

OA) daly & bos OV ) T gb s el p=g,870 s p' =p elplo wul o)lie P Sl a2 b

R PR W
[ - _ ToT C, () |
A ﬂzﬁ[l'*'pA 161 ﬂzD AT
C D) (\A)
5,=|DBA" 7 0 <0

{clm D, (1)C } 0 -

(18) g, sl sma e Lags (VA) alay (5l o sl 00 iy p5 (VA) alasl, (g5l cas (sl (F+) 4 (V3) alas]
4.'44‘) 3 (Y\) A.L:.:‘) o (\Y) 9 (A) “4.3‘5) t_g)‘di:‘} L: ] 00l ool UL‘“" (Y\) A.Ia;‘) SHge g Gl 00l lﬁl.?u‘ (Y’)s

el o8] Gy (YY)

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VE) Olny 5 5l ¥ o)ladi Q0,953 5 owikige 5> (b 8 laalel 4,25


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

o e il (S slunl 3 enlial b (glacb 93 a8 555 (5lren gl J 1S

5:\_/:;)..,.\..’;. Sl sla B ‘\A
{52<o &' 8,c<0
(19)
>0
.
g 0 0 p 0
¢=(0 I 0, =0 1 0 (Y)
0 0 | 0 0 |
ToT , I (3!
. ﬂ1 A ﬁz+ﬂ;Aﬂ1 ﬁz D ﬁl AT .
g0 0 s 0 0 _ ¢ bl .
§=[0 1 0[gl0 1 0f= D4, 7 0 <0
0 0 1|0 0 I \
C1 t) D12(t)C ﬂl 0 -
[ A AT /\T
AR +RAT(t)+M C(t)B" (t) A)+RAT(t)S+MC ()B"¢)S D) RC/{)+MC (t)D,(t)
/\T /\T
+RC, (t)B ENT+M A (N
A A /\T
AT(t)+SA(R +SB()CM' AT(t)S +SA()+N BC,()B N'  SD() C/ ()
5,=| +NBE)C,{)+N AM <00
D (t) D (t)S - 0
C,OR+D,(t)C M C.0) 0 -

ol aJ‘J QL@(YV)A}@‘J}J‘\{@\J&A‘)‘%%J&J’G 4:)[:; QT&)LA/O}LN 6\J,.: cwd}a}m}u 63WL¢§;_(YY)414;\)

A=N(E —LC,R ~SAR —~SBK)M " ,B =N 'L

C=KM T,A(t)=A+AA,B(t)=B +AB,C (t) =C +AC

sl

(Yv)

Lo el 6l eyl 51 ol (ol seloly (TF) alasly 3 [YYo¥s | ol o T oty (PF) alasly o(Y¥) 5 (YY) Lasly, oS 5 L

el 0l [l Calides o Sle

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022

VP Oln) 5 5l oY oylati 8 oy55 (3 omilige 3 s slalolu 4,25


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

oz e il (S 3lunl 3 enlial b (glacb 93 a0 555 (5lren g ul J 27

4 $3l g pemdaes 56 el Bl
(AR +RAT +BK +K B’ A+ET D  RC/+K'D]
AT +E A'S +SA+LC,+C;L"  SD c/
0y = +0,
D' D'S - 0
CR+D,K C, 0 -l
+02+03+04+05+06+07+08+09+010+011+012+013<0
[MAR+RAAT 0 0 0 ABK+K'AB" 0 0 0 0 M 0 0 0 RAAS 0 0
o 0 0 0 0 0 0 0 0 OZAAT 0 0 OO:SAATR 0 0 0
' 0 0 0 o0/° 0 0 0 o]0 0o 0o 0" o 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[0 K'AB'S 0 0 0 RACILN 0 0 0 0 AD 0 0 0 0 RAC
SABK 0 0 0 LACR 0 0 0 0 0 0 0 0 0 0 0
R oo oo o o o7 o o o'oslo 0 0 0
L0 0 0 0 0 0 0 0 0 0 0 0 ACR 0 0 0
0 0 0 K'aD], 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 A'S+SAMA 0 0 0 LAC,+ACIL' 0 0 0 0 sSAD 0
10y = 10y = 0y = 10y T
0 0 0 0 0 0 0 0 0 0 0 0 0 AD'S 0 0
ADK 0 0 0 0 0 0 0 K 0 0 0 0 0 0 0
0 0 0 0 AR+RAT +BK +K'B’ A+ET D  RC]+K'D]
o 0 0 0 AC o AT +E A'S+SA+LC,+C]L"  SD C (®)
o000 D’ D'S e 0
0 AC, 0 0 CR+D,K C, 0 -1
oFv+U F' o' <Too" +T W v, F F<I (Yd)

cJ.AT \:Mﬂv\l (YV) 3 (Y?) Jaa‘_g) )‘ 013 —01 L;YL; J.;L g;...»\ ol c)l.i:.w\ 013 —01 6YL .,\.:L w‘.’u Lgb.: (Yb) ‘daab J‘
(5‘]’ ‘u\b‘ c(YV) ‘dﬂ{‘)}) @‘J‘}f J}‘tit:j 6)‘%\{_ r)>)l:;u)g;‘~\ 53 << O ‘..«L."»L: 54 << O Jf\ C(YV) Ab‘) L;;LE.A ‘gl«.w‘
ol ok eslizd JoSa 5eYA) alasly lo 6 el ks (YA) alasly g ook 5 Sl ok o3lizal 55 JoSe 51 5

g;.w\ ol 03l QL&J (“Q) 4.]44.\) Q)_}";d‘f“;‘:’.L@".JJ}

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VE) Olny 5 5l ¥ o)ladi Q0,953 5 owikige 5> (b 8 laalel 4,25


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

o e il (S slunl 3 enlial b (glacb 93 a8 555 (5lren gl J 1S

3o e dozes 9 (S yual S 5 Voo
0,=0,Fu +v F o] <T,0,0] +T, "0 v, 0, =0,Fv,+v}F' o} <T,0,0; +T, v v,
0,=0,Fu,+U}F' o] <00, +I,0jv,, 0,=0,Fu,+u,F o, <®,0,0; +®, 0,0,
0, =0.Fu,+VlF o] <®,0.0] +®, v, 0,=0,Fu,+V}F o] <®,0,0, +D, V],
0,=0,Fu, +VlF o] <T,0,0) +T, Vv, 0,=0,Fu,+viF o) <T.0,08 +T' 0} v,
0, =0,Fu, +uy Fl oy <T,0,00 +T 030, 0y =0, Fu, +0p,F' o), <T,0,007, + T, 'oj0,,
TET T T 1T TET T T T
0y =oyFuy +oyF oy <Tyoy00 +T o0y, 04 = 0 F o, +0,F 0y, <T0,00, + g o0,
0y5 = Oy3F Uy +UF T 07y <T303507, + Ty Uiy
_M A_ _M B
0 0
%=, w=[N,R 0 0 0], o= 0 0,=[0 N, 0 0]
0 | 0
'™, 0
0 SM
%=, 0,=[0 N, 0 0], %=, “lo,=[N,R 0 0 0]
10| 10
0 0
SM, LM,
%= W =[NgK 0 0 0], o= . W=[NcR 0 0 0]
0 0
LS 0
0 0
o=, o=[0 0 Ny 0, g=|, |u [NeR 0 0 0]
0 M,
0 0
0 SM,
=, =[Ny K 0 0 0] 0,= . w,=[0 N, 0 0]
_M D1, 0
o 0
LM, SM
o=, 0y =[0 Ng 0 0] o . 0,=[0 0 Ny 0]
10 0
[0
0 - T 1T " T 1T
o=l | =[0 Ne, © 0], 0.=T00, +I'Tv v, 0:2=T,0,0, +I, 0,0,
_Mcl
0s =T,0,0} +T;'V} v, 04 =®,0,0;, +®, 'V} v,, 0s =d,0,0, +®, V] v;, 65 =d,0,07 + D, 0] v,
(Y#)

N T 1T N T 1T N T 1T N T 1T
,07=I",0,0;, +T'; 0,0, 08 =I';0,05 +I; 0,0, 0s=Iy0,0, +T5V0,, 01 =1,0,0,+I7 V0,

N T -1 T S T 1T N T -1 T
01 =I40y,01, + g 001, 012 =1404,0, + 15 VL, 013 =1'407,04, + 100,

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022

VP Oln) 5 5l oY oylati 8 oy55 (3 omilige 3 s slalolu 4,25


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

oz e il (S 3lunl 3 enlial b (glacb 93 a0 555 (5lren g ul J 27

Vo S350 e daen 56 el ol
13 _
5,<0+Y.0,=5,<0 (V)
i=1
T T
rMm,mM, 0O 0 O RN ,
3, - 0O 0 O 0
8, =0+>0 + + IY[N,R 0 0 0]<O
iz 0O 0 O 0
0 0O 0 O 0
RN, (YA)
13 _ 0
0+>.0
54 = i=2 0 <0
0
[N,R O 0 0] ~T, |
_511“," A+E" D RC1T +KD1T2 RNITA KTN; Onxl Onxl RNgl KN [Tyu Onxl Onxl Oﬂxl Onxl Oﬂxl RN; Onxl KTN; Or\xl RN;Z-‘
AT +E 522M SD c; Onxl Onxl N 1 Onxl Onxl Onxl SM A |‘MCZ SN D Ng] SM A Onxl SM B Onxl LM C, Onxl
D DTS SSSM 011 xq 0!1 x1 Od x1 N ;) Od X1 Od x1 011 x1 011 x1 Od X1 Od Xl Od X1 Od X1 0!1 x1 Od X1 Od X1 Od x1 Od x1
CIR + DIZK cl qud [SMW qul Oq « Oq 0 Oq 0 Oq x1 Oq x1 Oq x Oq 1 Oq x1 qui g qui qui Oq X1 Oq x1 Oq x1
N,R (US U -r, 0 0 0 0 0 0 00 0 0 0 0 0 0 0
N K 0, Oy (U 0o -, 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0, N, 0, 0, o 0 -r,O 0 0 0 0 0 0 0 0O 0 0 0 0
0, 0, N, 0, o 0 0-r, 0 0 0 0 0 0 0 0 0 0 0 0
NeR 0, 0, 0y o 0 0 0 -, 0 0 0 0 0 0 0 0 0 0 0
Ny K 0, 0, 0, 0o 0 0 0 0 -, O 0 0 0 0 0 0 0 0 0
0=l o Ms o, 0, o 0 0 0 0 0 -, 0 0 0 0 0 0 0 o o |0
0, ML 0, 0, o 0 0 0 0 0 0 -r,0O 0 0 0 0 0 0 0
0, MIS 0, O 0o 0 00 0 0 0 0 -T,O0 0 0 0 0 0 0
0, Ne 0, 0, o 0 00 0 0 0 0 0 -[,O 0 0 0 0 0
0, M o0, 0, 0 0 00 0 0 0 0 0 0 -0)!0 0 0 0 0
NR 0, 0, O, 0o 0 00 0 0 0 0 0 0 0 -0, 0 0 0 0
0, M 0, 0, 0o 0 00 0 0 0 0 0 0 0 0 -0 0 0 0 (Y4)
NGK 0, 0, O o 0 00 0O 0 0 0 0 0 0 0 0 -& 0 0
0, ML 0, 0, o 0 00 0 0 0 0 0 0 0 0 0 0 -0} 0
NR 0, 0, 0, 0 0 00 0 0 0 00 0 0 0 0 0 0 -0 |

Wi (Slgidy oS J 5 (b e 1T
199 9 &5 AU Al 3y 38 (Silbre (v ! J 5 Sl oS J g5 b
alb leslial U T T, T, T, T, T, T, Ty, Ty, Ty >0 5 (YO) 5 OF) Lalsy) b o 5l (g slusls Jo-()

(olgiy sliSJ 8 ©al3T Sl ys) D, D, D, o (¥

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VE) Olny 5 5l ¥ o)ladi Q0,953 5 owikige 5> (b 8 laalel 4,25


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

o e il (S slunl 3 enlial b (glacb 93 a8 555 (5lren gl J 1S

3o e dozes 9 (S yual S 5 V¥

(Y)j(\)ﬂ\bﬁbjL K

nxp ? mxn ?

R Ol Cows(V

nxn? nxn

E S

M=1-RS,N =1 &,50a M ,N  a(f
(YY) bl y dleas s @ 0uiS'J 287 (gl zalyl OeT sty (O
el o 03,7 518 4 35 53 4 4S5 (6l 10K b S5 (Sl e 1 JEST b (sl ol S ol e
Silwdme ¢

@3lgrin oS 1S (V) g gla el sl ollas sl o 03l LS (V) g 3 (glab 95 4Kl sla 2oyl
S Gilae 33 5 &S b Sl 6 (Seolys 0SS pslie ol 0l (ol e 5 ob 4 4SS5 4l 2 sl p
5 Shas 350 (51 (o3l oS U 1S 5 Shas dus e shate 45 .Sl 0k 0313 SLES S gy a3 Lk (o3l I 1S
@b ilazsl (V) (gl 55l oks 4 & 15 55 g5l Hlez 53 @5leand (glamb 55 a5, )3 (gloms o ul J S
23 6oL Slazel oY1) ol 53 .Sl ois Jlasl 93 4l Sl poy w0 b oLzl 5 Sl ol Jlasl &S5 ab K soy @
(F) 5 (F) (sla gl 53 ol 0ds dloel (o o) &Ko) (gl el 3 el ple B8 LS asl S

ol 0 sl (glamb 53 4SCtr5 4 kS |y S5 e 5 5k 3Lzl fali lise (sl Lzl

53 Y] ok Jlasl &S5 amb Sy 4 AP o5l w21 alasd 55 (o)L plizl g5l ol 53 2(Y) g2yl

L 015 DBl 5 55 4l a5 i8S el S b iS55 SR el i 4 (V) 5 (7)) sl JS
iy wilS 3 Ol ol aicden ((0) S 55 .l 0k 05l Olis Calzes gladiS 287 5l enlinl L a3 55 m b5
IS e Tods g P 355 51 ealinal U 0.01HZ 5U slael plp 5o ot pslie (J ST gy 3l oslinel L oS asb
ooy 3 eslizal b 5 0.15HZ 7 LSS oS J 257 05l (il o jul U287 gy Sl eslizel U 0.03HZ (g5lee oo !
a0 S ookl b g3 4ol a5 IS5 ol il ity o(F) S5 53 12l 0.26HZ ((g5lms (oo 21 J 587 05u) T oo o
L 0.016HZ (g5lbme (oo sl J 257 51 som odbiagy Pl 555 5 e3lizal 4 0.006HZ JL slazil 4l 53 sty pslie J 28
sl JAS 05) pamn gy 3 e3lizal b g 0.0BHZ (oSS oS J 8 Oty (g3lre (ol IS8 2 5l alina
03 e pslin (J ST Gy il eslial L aSil 5 93 o (Bl B 015 Ol il 4y (V) IS 3 .2l 0.14HZ (5 3lons
S gy 3l ealinal U 0.03pU (gjloms ool J 58 5 st odiaing PL 35, 31 eslizl L 0.001puU L slazel i,
Gllas .l 0.09pU (lme (gl J 287 O9k) ps s oo 3 ealizal by 0.06pU ouS'd 8™ Ogks (Silame (gl
3 es 83 RS w53 o 03, IS 4 K05 Gl iy 4 Comd ik pslie sdiS ZSV) 5 (8) (0) o S
DBl il iy EalS o 5 LS Candl | 93 40U 5 65 4o b a5, 3ol Slalizbl andl 5 457 (g, 0b 4 3515 o sllas

RGO PR V- S P I JRVRCIVS O 1 IR W- ST o L g

! The proposed Controller

2 Pl-optimizer, Controller

3 No Controller (virtual inertia)
4 Conventional Control

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VFoN Ol 5 5l oF eslad Q0555 0B 1 ovikign 3 (s 1 gladilel 4,55


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

oz e il (S 3lunl 3 enlial b (glacb 93 a0 555 (5lren g ul J 27

VoY S350 e daen 56 el ol
0.3 T =
0.2 T
0.1 .
¥ 2
—_— CI B —
oL — 7
o
-0.1 / ——The proposed controller
——Pl-optimizer, Controller
0.2 ——No Controller (virtual inertia)
0.3 | | | | Conventiona:l Control
5 10 15 20 25 30
Time (seconds)
(1) 325l 20 4> 40D 31 5 (il 9 oy O JCH
(VA1 Sl4>b 95 400325 Sl iololy ) Jgur
b el Jyl 4l 4l pgo 4>l Al
ol 58 bl e <IFEAY < IFAYY
5 (pu.MW/Hz)
IS gles oS /Y Y
Ki(s)
5,98 sbey eal I+A [-%
To(s)
ey wlbey <al /¥ </f¥
Ti(S)
NEC U ¥ YIVY
R(Hz/pu.MW)
H(pu.MW s)
D(pu.MW/Hz)
Gilre oyl 0500 Vot VIV
Kwvi(s)
Gilme oyl Sloy ol ). \-.
Tvi(s)
ey ok e ol VY -
Trv(S)
6ok myg Sy <l - Vo
Twr(s)
P9 o S ) [-A
T12(pu.MW/Hz)
Gbls 90 o cud b e - A4
(2P

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022

VF Y Ola g ul ¥ o)led 8 0,95 (B (omikige )3 ot o (Sladilel 4 25



https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

o e il (S slunl 3 enlial b (glacb 93 a8 555 (5lren gl J 1S

3o e dozes 9 (S yual S 5 Vo f

T
0.05F / ——The proposed controller 7
— Pl-optimizer, Controller

011 .
——No Controller (virtual inertia)
0.15 F | | | Conventional Control -
0 5 10 15 20 25 30
Time (seconds)
(1) 920l (90 4l Al 39 5 (il S Fuwly S
T T
0.15 - N
0.1 n

dPtie(Pu)
=
=
N
T
7
|

D L ———,
——The proposed controller
-0.05 — Pl-optimizer, Controller 5
——No Controller (virtual inertia)
01 | | | Conventional Control B
0 5 10 15 20 25 30

Time (seconds)
(1) g2 b A 32 3 93 oy DTl o O3lg5 I il Y

G.M,;,_\ﬂtfm,m)ggﬁaur.\;&:;f,w,;p AP, | o3l at=1 absd 55 )b ilazsl gt ol 53 3(Y) 9 b

6 (1) 5 (1) A Gl S 55 Y] ol o Jlasl &S5 amb a4 (<70 Ol oo 0 93 5 ¢ ab aSKiijoy a0 by o
b Sns 53 o (GBI L 015 Dbl il 5 53 4l Sy (il el K a b Sl iS5
a3 eslinal b oSG ab aSil sy wilS 3 ol ol atdi (M) K )3 sl 0 0305 0L Calides (sla ST 287 Sl enlizul
L 0.032HZ (glree oo sl J 28 55 s "ok ag P 3y, 5l eslizal L 0.01HZ L slezel i, 55 b pslae IS
gs"'fi‘ d}'l.f Q)ub)‘ccj.wf uf:_g))‘ o)LQL»‘L}Ol?HZrM AAJJJL{Q}.L 6)\>u= gs""}"f.‘ ‘le.f u}‘a}))\ oalaw!
Pl a3 b pglie ST g, Sl eslizal b g b Sibjy wlS p Ol il aniis (1) K 55 .2l 0.32HZ (6 5lese
2l IS sy 3l eslizal L0.018HZ (g3l o ol J 187 5 gt odkiaing Pl 55, 3l eslizl L (0.006HZ L jlazél

IS 55 .l 0.16HZ ((glomn gl J 287 0520) o3 iy 3 eslial b 5 0.084Hz (oSS oS 18T Ok (6 5loes

! The proposed Controller

2 Pl-optimizer, Controller

3 No Controller (virtual inertia)
4 Conventional Control

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VFoN Ol 5 5l oF eslad Q0555 0B 1 ovikign 3 (s 1 gladilel 4,55


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

oz e il (S 3lunl 3 enlial b (glacb 93 a0 555 (5lren g ul J 27

3o e dozes 9 (Sl S 5

AR

L 0.001pU LU ilel plp 53 dudr pslie (J ST 3g) Sleslizal b aSi o) 53 o (Lol B 015 ol il anty (1)
ST J 1S gk (5lama gw ol ST Sog ) Sl eslenal U 0.032PU (6 5lame o il 287 5 s oddangs Pl 555 5l eslazal
S J S (V0) 5 Q) A sla S pollas .ol 0.11PU (s jlomn omn 5l J 28 050) oo 3 3l eslizal b 50.053pu
Sla el Conlad oo 1 53 5305 g gllae 3 Shos 3875 U287 aie 55 0k 03,1,18 4 505 (Sleigs 4 S i pslie

dF1(Hz)

——The proposed controller
—— Pl-optimizer, Controller .
——MNo Controller (virtual inertia)

—— Conventional Control
| | | 1 1

0 5 10 15 20 25 30
Time (seconds)

(Y) 2w (o ol 7.0+ Sl b <O 4l a3 (il 8wl A SO

N
L
o
©-0.051 —— The proposed controller
01+ — Pl-optimizer, Controller
——No Controller (virtual inertia)
0151 ~——— Conventional Control
I

0 4] 10 15 20 25 30
Time (seconds)

(1) 92k (g 70+ RIS s 90 b 4535 (gudl B ioly A U

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VE) Olny 5 5l ¥ o)ladi Q0,953 5 owikige 5> (b 8 laalel 4,25


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

o e il (S slunl 3 enlial b (glacb 93 a8 555 (5lren gl J 1S

3o e dozes 9 (S yual S 5 \oF
T T T T T
0.15 1
0.1 *
Qj-.. 0.05 I [\ |
L —_—
& 0 'fr,_“--‘__—_" — ——
-
—— The proposed controller
-0.05 - —— Pl-optimizer, Controller _
—— No Controller (virtual inertia)
01k Conventional Control |
- 1 1 1 T T
0] 5 10 15 20 25 30

Time (seconds)
(V)99 3w ¢ o g 70+ 2B b o395 93 oo (U35 Lo Olg5 DI ol Y + IS

ol odd Jlasl 53 5 &K 4l S 4 (1)) S Gollas 0aST1 5 s 5 5L 3LazEl 5l cpl 55 (1) g2 sk

59 4l Sy, Wl 3 ] WS Al Sl WlS S Feb w5 4 (0F) 5 07 OY) Gl S s [rr-re]
ol et atin ((VY) S 53 sl ok 030 OLis Calbes (glatisSJ 87 3l aslizul L aSis 55 53 om (Lol Jast Ol 5 Bl ol
'OM%PId‘:,,;mumQ‘O.OSHZJ\,,L;L;:;MJJ,.,;‘,\&,\?Uuﬁg,—;fu:});mumpaﬁi«?u&gbd;tf;
o3lizul b 5 0.19HZ ¥ eSS oS J 287 09y (ko ooyl J 28 gy 3l ealiel U 0.ATHZ (giloes o ol I 287 5 e
o3l L 934U S35 1S3 Ol il atiy (YY) JSC8 55 sl 0.7THZ ((g3lomn oo 2l J 27 090) Tppma o 255 51
0.15HZ (gjlon o ol J 287 (om0t Pl 255 5l e3linal L 0.015HZ  plazel ol s o ol J 287 35 5l
s A2 A ST 09 p gy gy S e3linl b 5 0.0B4HZ ¢ JoaSS oS’ 287 09y (55lme (oo ) J ST gy 3l oalinal e
L pglie J ST S )l oslizal b a5 55 o b5, Bt Ol Ol il iy ((VF) JSK8 s .ol 0.21HZ (5 loms
JS oy sleslamal L 5 0.052pU (g5les oo ol J 587 5 sms oddiate Pl g, 5 eslinal L 0.021pU LU plazsl 1y s
s S eslimal Lok, A 5 e 55 GBLAZET 31 (86 Ol 5 3l il ity sl 0.078PU couiS™J 287 05y (6 jlome g 2!
3 Slas 0dST1 A5 bt 5 b LD ol 53 psm e gla By 5 31 Gle g Sl (Slame (gl JAST 050) p g o
(awlﬁgj:etﬁj)\{jw\)%uoumblwu_iu):vu_.x?r,uﬁawdﬁfcx)u@\@u&um.x)wd}lb
did 5 ASL ails (6 gllan > Shas a5 WS 3 J RS din) 53 od 03 5,18 4 (sla gy ple & Cond il 5 5 3,05 1

.MDJAKMVJ\V ol}:aql)udlf};;lé\fé\

' The proposed Controller

2 Pl-optimizer, Controller
3 No Controller (virtual inertia)
4 Conventional Control

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VFoN Ol 5 5l oF eslad Q0555 0B 1 ovikign 3 (s 1 gladilel 4,55


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

oz e il (S 3lunl 3 enlial b (glacb 93 a0 555 (5lren g ul J 27

Vv S350 e daen 56 el ol
| load2
oad
06 —— load1
04 — Wind farm -
. — Solar farm
E-:l 0.2
o
T 0
-0.2
0.4 r .
1 1 1 1 1 1
0 20 40 60 80 100 120 140
Time (seconds)
Y47 (%) g2 sbw (STl 90 4l 33y 9 8,19 OLGLREN YY) IS
T T T T L L
——The proposed controller
0.4 - —— Pl-optimizer, Controller .
—— Mo Controller (virtual inertia)
02 ’\\,\ —— Conventional Control .
i '||I \ - \.
E 0 i Y -y
= \
0.2 ' \
W
-0.4 - /I 1
| 1 | 1 | |
0 20 40 60 80 100 120 140
Time (seconds)
() g2 5w «LULIGE! 9l 30 &0 4 a3y (il 8 ol A Y IS
' _ —The proposed controller
0.2 A —— Pl-optimizer, Controller
04 ! ——No Controller (virtual inertia)
o -~ —— Conventional Control
5 - :
L
= 0
T
ol
-0.1
-0.2
| | | | | |

0 20 40 60 80 100 120 140
Time (seconds)

() 83 sbw (DLILERET gl g3 50 98 4> Al 39 ) (udl S Fwly Y S

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VE) Olny 5 5l ¥ o)ladi Q0,953 5 owikige 5> (b 8 laalel 4,25


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

o e il (S slunl 3 enlial b (glacb 93 a8 555 (5lren gl J 1S

3o e dozes 9 (S yual S 5 VoA

T T T T T T
03r - |——The proposed confroller
09 - — Pl-optimizer, Controller
’ —— No Controller (virtual inertia)
— 0 F . i ozioiiioiiobnoinozioonotooinoiiioiiofioiloocoiooiioizoiioiifenin Conventional Control H
é—i : :
o 0
i
C01r H
0.2 - E
0.3 r 1
i 1 1 i i 1
0 20 40 60 80 100 120 140

Time (seconds)
(7) 923l cOLSLEIET gl 53 Al 32 99 (o Wl L Olgd DBl il N6 ICh
ol s Jlasl 53 5 &K 4l Sl 4 (10) JS Gollas 0uST1 5 A5 e 5 5L SLAZED 5k cpl 55 3(E) g slhws
03 Ciltee (GlauiS'J S 5l eslinal b &S5 amb a8 5 Gl (1) IS B (LVP) sla IS 55 [VA-YF]
S oslizal b 53 4l S5 (milS 3 el ((z-V) IS B (CHWY) (sla K8 3wl o 3l Olas Slalazbl
L 0lg Sl (ZIA) S8 6 (G-I sl Ko s anl 0 03l OLts Slalazl l p 53 Calies (slauiS’d 87
OAP) ola S ol .l ok 03l Olis Slalazsl ol 55 Calides ladiS’J 287 51 eslizal b aKisy 95w bS]
IS O3 Siloes o sl S8 et Py e (S3lomn o 01 J28) Ko (slain) & S dydr pslin oS 28
S Gosbae)ls gsln s Sles oS A5 mlie 5 5L DL p1 55 (S5lmn (oo ol J ST 03e) pgn o s 5 0ilS

gﬁi%,u)@ﬁ)ﬁdg\s}c)u\ﬁ|%ﬂfwo&l»uow\ﬁ@}:cu,,wguouw\ul,;

REV-3) u:..alf ‘J (j.ﬁ E)
T T
Load2
05+ —— Load1 .
— Wind farm
04 F — Solar farm| -

100 200 300 400 500 600 700 800
Time (seconds)

A=Y (£) g2 b (STab 90 4l 3y » 3519 SLLLEN Vo Ko

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VFoN Ol 5 5l oF eslad Q0555 0B 1 ovikign 3 (s 1 gladilel 4,55


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

\

‘9

oz e il (S 3lunl 3 enlial b (glacb 93 a0 555 (5lren g ul J 27

3o e dozes 9 (Sl S 5

dF1{Hz)

——The proposed controller
— Pl-optimizer, controller
——No controller (virtual inertia)

0.05

-0.15

100 200 300 400 500 600 700 800
Time (seconds)

(8) g sbuw OLBLETEN gl 38 0 4ol 43 5 ol 9 by I-1T S

— NAAAA y — /
——The proposed controller

—— Pl-optimizer, controller
——No controller (virtual inertia)
~—

195 200 205 210 215
Time (seconds)

(8) g0 sbuw (LEEIEN gl 38 & 4>l 4 ) (udlS” 9 oy - VTS

40

20

| —— Conventional Control |

100 200 300 400 500 600 700 800
Time (seconds)

(£) gt st g 0 (559 31 03kl b SUSEEN 513 53 o) b 458 35 ol P ity 211 U

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VE) Olny 5 5l ¥ o)ladi Q0,953 5 owikige 5> (b 8 laalel 4,25


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

o e il (S slunl 3 enlial b (glacb 93 a8 555 (5lren gl J 1S

3o e dozes 9 (S yual S 5 K

0.05

dF2({Hz)

-0.15

0.01

0.005

dF2(Hz)

-0.005
-0.01

-0.015

——The proposed controller
— Pl-optimizer, controller
—— No controller (virtual inertia)

100 200 300 400 500 600 700 800
Time (seconds)

(5) g2.3buw (LELEIEN gl 9 38 93 4l dCud 3y 5 S B gl A1V S

— | ] _

——The proposed controller
—— Pl-optimizer, controller
L ——No controller (virtual inertia)

190 195 200 205 210 215
Time (seconds)

1T 6 1AR Slo) 03b 38 (£) g2 sbiuw (ILELEIET gl 9 50 98 4l dud iy 5 ol 9 ol - 1Y KB

a0 F

|— Conventional Control|

|

100 200 300 400 500 600 700 800
Time (seconds)

(£) 92.3bww e gm yo 593 I oMkl b SLHLEN gl 33 98 b 4T 3y 5 wdlS” B oy .- 1Y o

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VEOY Oln 5 5l oY o)lad & )93 05 gmdige 53 (b5t é Slaailolu 4,5


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

oz e il (S 3lunl 3 enlial b (glacb 93 a0 555 (5lren g ul J 27

ARR 631 i daes 55 el ol
01 F T T T T T T T T _]
0.05 .
=
o
g 0 e M S s ﬁhA P oy, P . VNP
l " i+
-
——The proposed controller
-0.05 — Pl-optimizer, controller 7
—— No controller (virtual inertia)
1 1 1 1 1 1 1 1

100 200 300 400 500 600 700 800
Time (seconds)

Y 6148 Slo) o3k 38 (£) g2 sliuw (LELEEN 5l 30 4TS 35 9 oy DL b Olgh B puil :(I-1A) TS

——The proposed controller
— Pl-optimizer, controller B
—— No controller (virtual inertia)

-0.02 1 1 1 1 1 1 1 1 1 1 L

200 202 204 206 208 210 212 214 216 218 220
Time (seconds)

(£) 993l (DLOLRET 9l 50 4B 33y 90 oy LISl o Olg5 Db il o-1A IS

|— Conventional Control

100 200 300 400 500 600 700 800
Time (seconds)

(£) 9206w g 0 (95 3 03kl b 4Tl 35 88 L (P! b OlgF DBl il .- 1A o
(S 5 4om -0

Jﬁ)wﬂ‘:ﬁ)}]a.ﬁu}g;.w‘eMCJla.A‘S‘A?bA.q-‘S‘eﬂJ:’-Qﬂ)))é)buwﬁ‘dﬁfcﬂjﬁcduﬁw‘)a
}Quw‘j‘j)’éjb“wﬂ‘dff&‘@?ﬁ\i’J"’J’.JK“\‘S‘JﬂA:JfCL‘JWFQJiJ(@K}LS)‘*\:‘L.

Babenp )5 4 pslie IS ey 6SC L 0T Sltle 3 il ol g llas s Ses S5 sla el Conlsd pue

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VE) Olny 5 5l ¥ o)ladi Q0,953 5 owikige 5> (b 8 laalel 4,25


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

o e il (S slunl 3 enlial b (glacb 93 a8 555 (5lren gl J 1S

3o e dozes 9 (S yual S 5 WY

(o 3 P S 5168l o 03 )08 4 (Slme ol U ST Sl 3 palie SRS s, oSS lin nf Gilae
4y bl odd U O s Slas 4l 5 Sl ol Oy ot s Sle (5lesl Sl (3lgnig 25, S (oo 00lin
crkier Jols g opl d(GulS 3 ) e cpl 03 0kl o (sl B ple b (algitin s amlie 5 lie (gluant s
ﬁl)&l)&?&ﬁthJsﬁblﬁC_,g;ﬁ(a.x.cﬁlﬁ):rjuscé|4:>ujsL;Ioﬁk@jijj:)\jjti;é\qcaéAl.e.:g-jhl.w\l.l\}a
-J;UUﬂ‘j})@‘)éwdﬁfs\jgsé‘jTQ\?Jé

HUIWT W)

S b a5y gl el b oS S Sledibl il

[ 91283 -71.397 11153 1347 —0.0032037 39257 974777  [-23295]
47793 27148 97404 11941 0292  -39006 93333 10841
21369 1680.9 64907 79538 ~0.19444 25022 62094 18623

A,=| 53991 21347 -3130.8 -3874.1 —0.0095205 13235 30987 |,B,=|-17541
29532 —15063 57148 70544 17130 22884 —5.4757 14765
46515 25141 89937 11026 0.026963 36021 -86187 ~1310.8

| 11305 11702 -320.87 -394.08 —0.00096391 13004 30944 | | -29599 |

61=[6.7752 3.6616 —131.09 —160.72 —0.000393 525.01 1256.2]

954U a5y gl p ok b oS J 1S Sledbl i

_12656 19192 19435 19477 0.0092063 13.896  3043.5 ] (24166 ]

2299.7 -52579 53239 53361 -0.0252 -38.847 -8386.1 —37874

28642 16013 16214 16251 0.76752 11853 25456 15744

A,=| 26402 -13626 -13798 —13829 -0.65312 -1008.6 —21659 |,B,=|-15364

_24133 —74948 —75891 —76062 -35924 55529 —11915 2721.4

8.7052 22919 23207 23259 0.010985 16.313  3643.6 15386

| 20286 7726 78231 78408 0.0037032 5.7186 12255 | | 19036
62=[5.3085 16486 16694 16731 0.0079022 12215  2621]

&=l

[1]1F. Amiri, & A. Hatami, "A model predictive control method for load-frequency control in islanded
microgrids,” Computational Intelligence in Electrical Engineering, vol. 8, no. 1, pp. 9-24, 2017.

[21M. H. Moradi, & F. Amiri, "Improving the stability of the power system based on static
synchronous series compensation equipped with robust model predictive control,” Journal of
Iranian Association of Electrical and, 2020.

[31F. Amiri, & A. Hatami, "Nonlinear Load frequency control of isolated microgrid using fractional
order PID based on hybrid craziness-based particle swarm optimization and pattern search," Journal
of Iranian Association of Electrical and Electronics Engineers, vol. 17, no. 2, pp. 135-148, 2020.

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VFoN Ol 5 5l oF eslad Q0555 0B 1 ovikign 3 (s 1 gladilel 4,55


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

oz e il (S 3lunl 3 enlial b (glacb 93 a0 555 (5lren g ul J 27

3o e dozes 9 (Sl S 5

VY

[4]1F. Amiri, & M. H. Moradi, "Designing a fractional order PID controller for a two-area micro-grid
under uncertainty of parameters,” Iranian journal of energy, vol. 20, no. 4, pp. 49-78, 2018.

[5]1F. Amiri, & A. Hatami, "Load Frequency Control Via Adaptive Fuzzy PID Controller In An
Isolated Microgrid,"In 32nd international power system conference, 2017.

[6]F. Amiri, & M. H. Moradi, "Coordinated control of LFC and SMES in the power system using a
new robust controller,"Iranian Journal of Electrical and Electronic Engineering, vol. 17, no. 4, pp.
1912-1912, 2021.

[71 F. Amiri, & M. H. Moradi, "A New Control Strategy for Controlling Isolated Microgrid,"JEM,
vol. 10, no. 4, pp. 60-73, 2023.

[8] M. Shahbazi and F. Amiri, "Designing a Neuro-Fuzzy controller with CRPSO and RLSE
algorithms to control voltage and frequency in an isolated microgrid,” 2019 International Power
System Conference (PSC), Tehran, Iran, 2019, pp. 588-594, doi:
10.1109/PSC49016.2019.9081492.

[91M. H. Moradi, & F. Amiri, "Virtual inertia control in islanded microgrid by using robust model
predictive control (RMPC) with considering the time delay," Soft Computing, vol. 25, no. 8, 6653-
6663, 2021.

[10] M. H. Moradi, & F. Amiri, "Load frequency control in a two area microgrid by Optimized model
predictive controller," Journal of Iranian Association of Electrical and Electronics Engineers, vol.
19, no. 1, 2021.

[11]1F. Amiri, & A. Hatami, "Load frequency control for two-area hybrid microgrids using model
predictive control optimized by grey wolf-pattern search algorithm," Soft Computing, 1-17, 2023.

[12]Li, T., Tang, Q., Zhu, K., Du, X., Li, B., Liu, F., & Zhen, T, "Coordinated Control Strategy of
Emulated Inertia and Damping for Grid-Forming Energy Storage Considering Capacity
Characteristics,” In Journal of Physics: Conference Series, vol. 2166, no. 1, p. 012013, 2022.

[13] T. Wang, M. Jin, Y. Li, J. Wang, Z. Wang and S. Huang, "Adaptive Damping Control Scheme for
Wind Grid-Connected Power Systems With Virtual Inertia Control,” in IEEE Transactions on
Power Systems, vol. 37, no. 5, pp. 3902-3912, Sept. 2022, doi: 10.1109/TPWRS.2021.3140086.

[14]K. H. Tan, F. J. Lin, T. Y. Tseng, M. Y. Li, & Y. D. Lee, "Virtual Synchronous Generator Using
an Intelligent Controller for Virtual Inertia Estimation," Electronics, vol. 11, no. 1, pp. 86, 2022.

[15]Y. Hu, W. Wei, Y. Peng and J. Lei, "Fuzzy virtual inertia control for virtual synchronous
generator,” 2016 35th Chinese Control Conference (CCC), Chengdu, China, 2016, pp. 8523-8527,
doi: 10.1109/ChiCC.2016.7554718.

[16] C. Wang, J. Meng, Y. Wang and H. Wang, "Adaptive virtual inertia control for DC microgrid with
variable droop coefficient,” 2017 20th International Conference on Electrical Machines and
Systems (ICEMS), Sydney, NSW, Australia, 2017, pp. 1-5, doi: 10.1109/ICEMS.2017.8056219.

[17]T. Kerdphol, F. S. Rahman, Y. Mitani, K. Hongesombut & S. Kiifeoglu, "Virtual inertia control-
based model predictive control for microgrid frequency stabilization considering high renewable
energy integration,” Sustainability, vol. 9, no. 5, pp. 773, 2017.

[18] T. Kerdphol, F. S. Rahman, Y. Mitani, M. Watanabe and S. K. Kiifeoglu, "Robust Virtual Inertia
Control of an Islanded Microgrid Considering High Penetration of Renewable Energy,” in IEEE
Access, vol. 6, pp. 625-636, 2018, doi: 10.1109/ACCESS.2017.2773486.

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VE) Olny 5 5l ¥ o)ladi Q0,953 5 owikige 5> (b 8 laalel 4,25


https://jiaeee.com/browse.php?a_id=992&sid=1&slc_lang=en&ftxt=0
https://jiaeee.com/browse.php?a_id=992&sid=1&slc_lang=en&ftxt=0
https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

o e il (S slunl 3 enlial b (glacb 93 a8 555 (5lren gl J 1S

3o e dozes 9 (S yual S 5 WY

[19] K. Shi, H. Ye, W. Song and G. Zhou, "Virtual Inertia Control Strategy in Microgrid Based on
Virtual Synchronous Generator Technology," in IEEE Access, vol. 6, pp. 27949-27957, 2018, doi:
10.1109/ACCESS.2018.2839737.

[20] T. Kerdphol, M. Watanabe, Y. Mitani, & V. Phunpeng, "Applying virtual inertia control topology
to SMES system for frequency stability improvement of low-inertia microgrids driven by high
renewables,” Energies, vol. 12, no. 20, pp. 3902, 2019.

[21]L. Yang, Z. Hu, S. Xie, S. Kong, & W. Lin, "Adjustable virtual inertia control of super capacitors
in PV-based AC microgrid cluster,” Electric Power Systems Research, vol. 173, pp. 71-85, 2019.

[22]J. Li, B. Wen and H. Wang, "Adaptive Virtual Inertia Control Strategy of VSG for Micro-Grid
Based on Improved Bang-Bang Control Strategy," in IEEE Access, vol. 7, pp. 39509-39514, 2019,
doi: 10.1109/ACCESS.2019.2904943.

[23]1H. Ali et al., "A New Frequency Control Strategy in an Islanded Microgrid Using Virtual Inertia
Control-Based Coefficient Diagram Method," in IEEE Access, vol. 7, pp. 16979-16990, 2019, doi:
10.1109/ACCESS.2019.2894840.

[24] T. Kerdphol, M. Watanabe, K. Hongesombut and Y. Mitani, "Self-Adaptive Virtual Inertia Control-
Based Fuzzy Logic to Improve Frequency Stability of Microgrid With High Renewable
Penetration," in IEEE Access, vol. 7, pp. 76071-76083, 2019, doi:
10.1109/ACCESS.2019.2920886.

[25] A. Karimipouya, S. Karimi, & H. Abdi, "Microgrid frequency control using the virtual inertia and
ANFIS-based Controller. International of Industrial Electronics,"control and Optimization, vol. 2,
no. 2, pp. 145-154, 2019.

[26] K. -H. Tan, F. -J. Lin, C. -M. Shih and C. -N. Kuo, "Intelligent Control of Microgrid With Virtual
Inertia Using Recurrent Probabilistic Wavelet Fuzzy Neural Network," in IEEE Transactions on
Power Electronics, vol. 35, no. 7, pp. 7451-7464, July 2020, doi: 10.1109/TPEL.2019.2954740.

[27] T. Kerdphol, F. S. Rahman, M. Watanabe and Y. Mitani, "Robust Virtual Inertia Control of a Low
Inertia Microgrid Considering Frequency Measurement Effects,” in IEEE Access, vol. 7, pp. 57550-
57560, 2019, doi: 10.1109/ACCESS.2019.2913042.

[28] R. Mandal, & K. Chatterjee, "Virtual inertia emulation and RoCoF control of a microgrid with high
renewable power penetration," Electric Power Systems Research, vol. 194, pp. 107093, 2021.

[29] T. Kerdphol, F. S. Rahman, & Y. Mitani, "Virtual inertia control application to enhance frequency
stability of interconnected power systems with high renewable energy penetration,” Energies, vol.
11, no. 4, pp. 981, 2018.

[30] F. Amiri, & M. H. Moradi, "Designing a new robust control method for AC servo motor," Journal
of Nonlinear Systems in Electrical Engineering, vol. 7, no. 1, pp. 55-80, 2020.

[31]. Amiri, & M. H. Moradi, "Angular speed control in a hybrid stepper motor using linear matrix
inequality,” Computational Intelligence in Electrical Engineering, vol. 12, no. 3, pp. 33-50, 2021.

[32]1C. Scherer, P. Gahinet and M. Chilali, "Multiobjective output-feedback control via LMI
optimization," in IEEE Transactions on Automatic Control, vol. 42, no. 7, pp. 896-911, July 1997,
doi: 10.1109/9.599969.

[33]1H. Li, X. Jing and H. R. Karimi, "Output-Feedback-Based Hoo Control for Vehicle Suspension
Systems With Control Delay,” in IEEE Transactions on Industrial Electronics, vol. 61, no. 1, pp.
436-446, Jan. 2014, doi: 10.1109/T1E.2013.2242418.

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VFoN Ol 5 5l oF eslad Q0555 0B 1 ovikign 3 (s 1 gladilel 4,55


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html

[ Downloaded from journals.sut.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.23223146.1401.9.2.4.2 ]

oz e il (S 3lunl 3 enlial b (glacb 93 a0 555 (5lren g ul J 27

3o e dozes 9 (Sl S 5

ARIA

[34]S. Boyd, L. El Ghaoui, E. Feron, & V. Balakrishnan, "Linear matrix inequalities in system and
control theory," Society for industrial and applied mathematics, 1994.

[35] H. D. Choi, C. K. Ahn, M. T. Lim, & M. K. Song, "Dynamic output-feedback Hoo control for active
half-vehicle suspension systems with time-varying input delay,"International Journal of Control
Automation and Systems, vol. 14, no. 1, pp. 59-68, 2016.

[36] X. Shao, F. Naghdy, H. Du, & H. Li, "Output feedback Hoo control for active suspension of in-
wheel motor driven electric vehicle with control faults and input delay. ISA transactions, vol. 92,
pp. 94-108, 2019.

Journal of Nonlinear Systems in Elect. Eng. Vol.9, No.2 Autumn and Winter 2022 VE) Olny 5 5l ¥ o)ladi Q0,953 5 owikige 5> (b 8 laalel 4,25


https://dorl.net/dor/20.1001.1.23223146.1401.9.2.4.2
https://journals.sut.ac.ir/jnsee/article-1-337-fa.html
http://www.tcpdf.org

