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Abstract:

Accurate power sharing and DC bus voltage regulation are among the fundamental
challenges in the control of DC microgrids. Although the droop control method is
simple and effective, it suffers from limitations in selecting droop coefficients, which
can lead to either increased bus voltage deviation or power sharing errors. In
addition, the presence of constant power loads (CPLs), due to their negative
incremental resistance behavior, can cause severe voltage oscillations and result in
system instability. In this paper, a distributed secondary control strategy is proposed
to compensate for voltage deviation, optimize power distribution, and enhance
system stability in the presence of CPLs. The proposed method integrates bus voltage
recovery and economic load sharing by using a cost function-based optimization
approach to optimally regulate the power output of distributed energy resources.
Simulations are performed in the MATLAB/SIMULINK environment on a DC
microgrid with multiple distributed generators. The results demonstrate that the
proposed method not only improves bus voltage stability and mitigates voltage
oscillations caused by CPLs but also achieves optimal and economic power sharing.
Furthermore, the method exhibits fast convergence, ease of implementation, and
considers line losses.

Keywords: Optimal Load Distribution, DC Microgrid, Droop Control,
Secondary Control.

SIOISIC)

This is an open access article under the CC BY-NC-ND/4.0/ License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.22108/isee.2026.144907.1730



https://doi.org/10.22108/isee.2026.144907.1730

AO \i'icr)l.é.?:a)wgr.h)fudbcéﬁwW}}gLﬁ,«Lﬁuﬂ}A

2 B aasis ;220 DC sballs, 5o 55 250 5 015 Ay g
b Og Lb Ll
TED O aal) ST e Sl Ll
Ol g mla oy als o o505 G ol 0aSCals )

hamed.mahnani76@gmail.com
Ol pl g als oy mls ms oKLl (& wdige o2l luiils =Y

35 g ¢

m.banejad@shahroodut.ac.ir
U\J'.’.\ g));ﬁu ‘b_jj.hu &M am\b ‘Lé)-i Jﬂhl\ﬂ\-&‘ o.&w’" .\J 4)[:.:.4.‘3 -y
akbarzadeh@shahroodut.ac.ir

JS 5as Lsd on o poime DC laaSitz s U8 55 old (sla 0 5IDC Ll S5 J 28 5 335 0155 e J0 kS
b el 5Us Ol Jilbl a4 cl (Sae oS Conl glaciys sdoms s 3l (ol s bl js (LIS 5 Solw 55 L
Sl s o e e (S gas Zslie 5135 s & (CPLS) b 015 slask s onl pesdle 358 ais Ol ool o
55 Soleang S5 30l Sl eliins 5 450 S Shss SGlie (nl 5o 5 e et ILL 5 b S
@bl [ s b S lsb Sl S 5 R el il sdd B Ol el sl 3 s SOILL g 5 0L
53 bgslaand A8 o S aig Do 4 ) mlbe A5 018 s mU Sl e 2,50 S Sl eslinal L oS e
a3 e DL (3l gl Lo plonil s ST 35 aie i L DC iS55, K, 5 5 MATLAB/SIMULINK Lo
3 A Sose 4 1) OlF e (ol Ol 8 Lol Sl B0 Sl g Jals 5 b SW s oIl s e (salgndy S
oy las Sl 8,8 a5 55 5 DLl (gl okl icnlie ol b St 3l s ol (mman a3 e ol (g5l

a6 U8 (81 08 DO i) g L i (g AdST (glae3l

Pl Ol CulS 3 5 oMl g pduslanl CLLl aodio =)
S (1) S8 s el ol s Slagie 53 o5
Al c\] sl 0 03l QLWJ DC mﬂ) )L’L>L..~ )\ 44).4.:
It

35 5A GLlE 0538155, A, bl sladle s

S Ol g anloasl G5y 3l esla ol Gluale (65, C.L'.a a

3y50 8 Slaetans 53 55 Sy pde Sl 0n s S

DC laa 5y daSl_ip ;5 ¢l 50 Ole ~
= EEE TR E e A5 b Sl glas gazme Ay el 48 S 18 a5
sl b i 5 05 b il O s U5

baglis 53 (J xS b 05 Jeslw 5 pludidad (65 )

@ aS Lo (65 5 (g5we 3 Dl gt 5 La b oS

Dl £ . Y\ .
g5 ol Ml S I3 a5y 5e it AC Slaes i) s 4y Ut ) S e S e

Sl s 45l o it Coale Js 4 S5

S 139 AL rins ol €35,8L5 (Ol i gms oinms 55 SLES

G omtige

\i-i/-\/Yﬁ:dL&Ju)\@)U‘
VESEATYNV e bl

A5l et Jphs sty 55 ol


https://orcid.org/0009-0003-9227-4542
https://orcid.org/0000-0002-1941-7725
https://orcid.org/0000-0002-4794-0054

Sl Ol b ysam s Bl hasiie 5 2w DC claaslig ) 5o 5y 55 5 015 Lo s A

G55 o 58 w8 S L (Sales a5U Osde 5 Jit e
e Ml il Al s ol 53 kS e s
S s (Il A 55 Ol b 5y Al o
St Sl JalS J 2S5 s cnl slle 5l AS e
B 5 il 51 sl oS ) (555 e it
pde s il ol Loss 2 ol 2l s Ol
3 80ee 4 b s dado s e it s SCalen 35
Ol sl w555 Lol 5 ol 55150 s S gy
DY AT O] s e Sl
b iy sy DC slaailny so el 58 J 28

Ay 0l 3 aS clouiST W 5 gladsls o e (gl
@5k Osd 5 S (S el owe S0 4 il 30
ol 2 S S e ) o Sldes (55 e BiSd 1S S
Lo oledbl dals )b 5l edssty 55 sladals o o)
Slaal Giss gl 1 eV (Seales o5 Llan sladly
a5 Ol8 g e (ol Wy s il e IS
S e sl 4K il

b aeas oo OF )3 45 55 aze J 28 GO
355 Losmt 53 5 Moo Sal Al S S e S
e 5 35 plicel s 1SS e 5 Sl
O3dn Aty 2 0T 3 4SS et SULS U8 vl
gy Sl S 5 AS o s Ll Ko L Sales
S5 58 Gl el da s RS S
(S5 BaE Sy (Sily A e ) (] S
Gl Ll 5 5L s ol 5 6ol s pdyblan]
MJ;SA

Srdorlte okl el x5 J S ol nedls
L lodarly 035381 b omlhas Ll 8 e 52505 (6oL
S ensa S opl st Bl S skl s ol s
sl Jal s oS 55 5 anl 0,00 DC slaeS i)
o i Ly lasle s e A5 L pdaiiias (655
L Llg e Sty wddmss d S g Se e bl
w3l a8 e s S Jae 3l 5 il Sy
ol (658 e by el w5 L e i S Dbl
o ad] Wl s

Gl sl al aS dias e JalS ) 551 S
&b Sleslinad ool pogdle 355 0 e S Ak
el s b sla b Ogmer plodndes
5 b Glacs o 4 Sly JalS 4 DCslaesll

[0 & 0] &S o S8 SU (6551 Sl ssliad il 3l

PV Wind turbine Fuel cells

L1

l DC microgrid

[£] DC iy, o sl :()) Ko

2l LDC sl 5l ool peg b=l L
s 43 0155 o LT 0 g e 31145 ol ol o Sae
5 ol S Ol sl 5 mlis e alis O
Ol8 Sk sl 58 o Ll Ol A58 &y 5 03 SaaS
o 5 Sk S 5 e ) S
N i Ol g slaldes o a3l Lﬁr.:__m«.:__«—d
e Sl L Gt Gl 0l Lles (seslie slasb
a ol Kan iy ol XS e S 31 e S
e el S s el (Sells slasolubl 5
s 2l 5 ISt ol 055 Gk 5 (8 35
s s Wiy ol o Wlod sleiy sz s iy,
Tedtp55 RS 5 TS ety U S S e J S S
IV A Wi e e

sl by 555 0 Aty &S e J S
3 edge anly Ldies 5 Lol cld 5wl plas 51 oledb
Sl s S iy 3 Shas 6l 1y S (ot
IS Shss l al en S Se ol eS
gt 53 48 el (955 oSS 1S @ sls (Sl
A A] das o 13 8l o | e JS S b ol
-

ssb e edST IS e 8 S et s J S A5 00



AV \f.'icr)l.é.?:a)w‘r.h)fudbcéj;w.lﬁy)}émtmu;}ﬁ

S sl OF 53 S 3y e sl il 4y gL Al s
osle_wl &l y3 CLA;?\ oo ) L;f;sv.:_.ﬂ.:_méu‘):ﬁbl.;
Bt

s 3 5 e O o ) il Wl s
L KX TS P SO U g (VI P S
etea 5 e e slagsls

s Sl 58 L 55 L Ol el (3lwting: ()
Wl Ol Ok e A B8 B s L g O e (Y
35 Oy o1 A5 s o 015 gy ool s
2l Ul e b opl e sl S e )
s b 5 Gl Dbl 4 (Sl pae x|
2 ekShy A5 mlie Olee U155 w555 5 i Ol Lol
JB S5 n s 5 58 o)Ll mie o A5 se el
sl ot (gl 55 b lie s LT Al

Cilotal 5 anlan 5550 S e oY e 5 allie Salsl s
Sl algdng J &S s oF o o3 s e Ol (xS
Sl 55 a5 )3 L Ol S el (Sloe 45 355 8
M3 i 3 el sl L 55 g bk
s $olgiy oo by 5o Sl Ol L gled e
O3 S es bl ke 4 iland bl el
S 3 (St (Il o3 s w0 i s ealgin

B e O

DS Slaal g alies 0l -Y

osls OLE 68 boles oY) JS5 s DC 15 b
AJJu]a.L..ZJ_..A—ZADC wL’MJ.LAN :\.L:_..«J}‘UAW‘DM
eale ! L;“.ﬁl w})}‘ c.f\.:.‘): Cuwuljjﬁ_dﬂjj)}la.a
\JJ;‘ )JASC«_....«\ ‘-;_!_Lﬁ@.:_)}-w &\)]J ;;’9‘ &j) J)_..Z-v.n
C‘j\_.plﬂ@:.:ﬁdaL@.;__.iﬁé.A;SdJ;SgbﬁféJ;S
Db i B8 s L OIS e 5 e s
A el esls S el (ol

Ol o (S8 sl 5l mlass o 55 a8 (6 5b & sl
N o e dtim 8 b S e S ete sl pal )
el il 28 DC glaasSisn,y 5o dsldae gla b,
O 0k @i 0BGl S e il S BLIL as ol
S o ol Codmy DLl 3L 05 |5 il lie
Syl dile s siae shls L5l J 28 Jle ol b
i 2D Ll e oS Sl ag Ol 51 Sl 5 ol
DAY O] s rals

sl J 28 5leslan ol dacasgdme ol Ol Gl
GV s Y S Olpe w a5 d s a5 -2
Lo kol 550 5 W5 3101 (b SW s oLk O
S V"A‘Jé I e

Slpeddmss oS -SSRVl AATA DALY &l
DG (1 5l s (s3lestings 5 A 55 slaay j2 05 SaeS
S 5l osliial b S s 811 lo 5 DC glaaSid s,
05 @al—atl JL i 0Ll Ly plex! 55
L LS n oal 3 1) Oloabl Cobli 55 (658 o 508 28
Lo, U e ol (See O 5 Shas J= ol
YE Y O] e sl a5 syl cds 5 bl
A o g | SWs oLsL &S s e S 6 el
2RO DC laaSiny 5o 1) ol LB O 2 ks

Mgl Wy il 50l L e 56 e SOl cdlanie

L oy sl ol s anllas cpl 3 o o3l
o SedYol o 53 AS o (s J 2S5 Sas
ol J S 51 3l Gl sl Gl (gl 5S ez P J 28
LU sl 4 55 et J 8 o=l bcal odd sl iy
R Slals S5 (S 5200 5L 3l (b3
IS 085 o SN sl S S Gl O 51 S des e
S aH e
Slpeddmss 46 J S - b [TV ] el
Slo s DC baaSlls ) )3 015 &gy e 5 515 s
plarl o S S S sl Lo 53 S e L
SIS S Ok G35 18 38 5 3 oLl by oSl
Al Rl Ol bl 5 s S e el (655 e

gl o5 S 51 015 s 51 LYA] o 3 cmien



Sl Ol b ysam s Bl hasiie 5 2w DC claaslig ) 5o 5y 55 5 015 Lo o A

il S ol ST S 5 355 oS Ol e sl
505 b s Sl o i § ks S S ke
S5 8 S 15 el 58 g0 35 Ol e (sl
et 5 SU s Dldal 4 L5 e plesa B A
22 805 8IS S L skite e 4 UL s Ul

28 Je s Fles D12 B apd (b 4 50 edan

SRS Slaal —v-¥
el e BS Gla e it 53 Ol e
M@}@ﬁ;wleuda&gluDG Cud b
b B dl b s e 03ls arass (6 i Ol AL
Sl Al 28 Ol A5 & 5 a8 S L ol 4 0L
03,50k asiy ol S s s ol
ol s bl s opl ol (B Sy sl s
G 1 Olg W5 IS &y 5 05 SaeS 5 b SU s lude &
Gie Vi sl 28 S Ab LCis i
IS Ga 4y by e ilayly s Al Ol Toley o 5505 0
oaria (0) daly 3b U 53 5 s 1S L eoleiny
RGP
Min c(p) = )" ci(p) ©
s.t.
Y pi = Pload T ZRIT ;
Vrated = VBus(P1,...p2) = 0

Ol5 5 0l Wy & i 5 Py 5 6(p) Of 55 &

5 U A5 B (5l sas0LE (0) iy ol L
ol S ol A cpl o bl s e 553 @
Llls JS 5 dpm conimman 5 180 355 ol Jlde o

D3 h xaS @ mge 355 3,5 a5

e 2 e Sl RS Y

Sepis s s ol (B8 B s Lols
65@‘

GBS 2 L0l ek p e olila b

DC
\ Jos

Ky Ky g (1) Y3

1S g, Y
bW 5 Vi s S o el oY) S e
sl 33 &y e 0 Vg

Vi = Rili + VBUS O)

i dde s ,5 o JUisl b cuglie Ry O 5 a8
&l ot DC L35 Vgus 5 DG; 0L > I; DC b
5 W, Al e il J S bl ol L Je
e S e S s L5 e Vi s S OL
SWy o ey dw 2 Viger Vi sm S s LV per
s e (SIS S b Sy el e 5 e e
el 5

Viret = Vratea — liRq; i=1,...,N ™)

b #6355 VRated <581 a5 R 0f 53 o8

sdds 2 Ol I d Jdas o e 55 Viger DC

3155 DC el 3 5 sl Canslis o wls i slaws N
o s 4 5 s,

_ VRated - Vi,Ref )
I
Vgus = VRated — (Rd,i + Ri)li )

Ry,

Cel ol Jas e 8 ams Olg e o(8) a3l

PR - SV Ul RV A M U P
Caslie 5 (Bl g semme 4 dds 0 (0L 2) Ol
Eel bl Cuslan Jlaas jo Cole 5 cnl annly bl
Bl el s s Sy s s Q\}Jm_mEJ);Ua;‘-sL?Ql
5ok oLy Gl il oy 5w S b s Son b



AQ \i'icr)%a)wgrkéfudbgéﬁw@):éuwuﬁa}ﬁ

Viret = Vratea — liRa,i + Vi QY
VBus = VRrated — (Rai + RDI; + i V)

DG; 05 B 31 .S oo S 5 =1 L yp caalsl

23,5 0by s My Spso 4 | 0T 055 0 A3l g5
P = L;V; = Ril;% + Vsl )

S e oSS (olatll 55 s 53 s
i oS s Sl i Ol i el W
by 3b 2550 Ol 2 B8 lis Ll 52 2 e
ol Q) Alaly laur 5 LT &y b 68 555 0 b mibee
Ok e b b cnl (s 2 (3l 03) 355
4] Gsie Joas DC

Ci(Pi) = 0.5aiP12 + biPi + Wj @
Minc(p) = ) (py) )
s.t.

Y pi = Proaa + Rl ;
Vrated = VBus(P1, ...p2) = 0
el 523 >0 ,5b; >0 sw; >0 NG Ly,
RSN YV IRYN GU
Il 3l eslizad L 015 o 1y (@) a6 5lntings il
T ss0 a0 518Y s Olea L ° SE-05- 8 S

T dal g esls o alsl )3 > ol s, [V

)\(PLoad + Z RiIi2 - Z pi,opt) = Z G+ ()

+Y(Vrated = VBus)
S5 g Ol (O)) daly 5o (gloag de > L
M 5 L O e 3 255 0 e Diopt) L5125
T e s w5 Al 5l (Tiope) L5155 0 sl

pi,opt (\ Y)

I =
hopt VRated

5L ol (V) daly 55 a8 y; Lslisunsd x5 il

[YQ] .))...::‘-5.4 o 5 J’l) :\.k_y‘) )' Sl

Vi = Ei(VRated — Vgyus) Y
- ziz h;; [a; (Vpyslp) +b; — 3 (VBust) —b;
T,1 ].=1
1
Z;

“Rg; + R

Al e e Ly Ceal 0l 0Ly (0) dslas 58S ) S
sl onls LA (1) ISs s (osleiny ) rljitiz S 5k

sl

Lo g ladde o33 0 sdalin () Ko 55 oS 5 5bokes
ol a8 oyl S S iy 3 e J S ediSU S 5
aaby g ol Bld s 50k 5 W s Al J 28
by oS alisansd ms 5o edge aul) Ul o
by s bl 5 Ol e (3langr 5 5 sk
S A sialiia () dal, 5165 sbiles 515 sdgs
sy oo M 31 ol S5 Gl il el 3

el Yi bl sl 48 gl J S S s
Ao 9> JlaYi JAS el 2 e LSl asite
e3> o 5 (G) Wy olobdaby Jsl i o5 ol
ol o3 asls et 1y (L) A5 s 05 SacwS dibs
ol 0 o 5 el T 5] 555155 e 4 50 s (S
DF1A5 Sl Al s amen A1 BLSST s LaS
el ol o3ls OLES T ol g5

\ o DC .t

- didp
Loisy b (anse 2b) Yy ai*ni+wi
o o APITW | gecL

L
49U g
. g APl .
Sy [p ) (ansp ) T aj*pj+wij
o Cj

G=3i(Vrated-Vbus)

545l g S ol s pl Sls Sk 1(1) S

44t

Cn b Wy 5T e S (V) 5 (V) Ll



b Ols L ol s Bl danie ; 2e DC glaallsy s 03 5Ws 5 5 15 S s A

L
D +
- c vo

ouia 38! Juuo

()
b 01 b e — 0t g ks pl Ss 1 2(8) S5
R cujslio b cow gy Jibss 4 Jaio

lepl A

VBus

[V ] b 01 b 5o 55 o 5 0L dnaseie 1(0) K&

e DL s daly U185 o0 e (rs 5 Sl comaeen
2 S

| = et )
cpl VBus

S S e b ab el Olg g5 5L STl
ey 5 a4 015 e (V) layl

Al Pept (o)
dVBus Voz

S 5550 s 1y Popy = Vg ¢ I 0155 e 1S il (sl

OB i s 5L Ol 5oL W 5w dy 5 Vg 0l s
Ol LL G 0L 2 S s ged ((0) K w4 55 L s
g g s el bt Sy 0 Ol e |y
S a3l osliid L YE XY Y] 55 i IS i J e

Vil e 5 538, >0 56> 0 N, s
ol Vi S el b s bl [Y4 Y] s
Bl o a1y b 51 las Nl aS ol gl a5
LS 0 SV VT S S PR JEWE T CU I L
5 b 53U oS el ) Il e Sl esli il G
Ay O 4 g 0L Sl 5 353 1 Ken ol
Sl 35 e el B 5 Ol B oSl (6l cioman
o2 LaS (1) L5155 50 gl A ip 3 aieS 0S|,
hij U adaly ol ol slid acslin U b liyls LS |
g Ol 23 Sose 4l &S 555 e i
1, £,j DG 55 e bl 555

00 0 DG s bl e s s

Sy 0 o=l Ols L gil—wdas -t

S>3ty

bkl d s S, ol Sbssl s Jdes
3 ggn 0313 e 5 Lol Ol L Sl Il o2 Ul 5
@l S5 by a g s Ol Sl sl Sl Ol L
Cols as das o s b Llsh |y 5 (635,55 0L~
e ol ol g as it e g3 SWs Rl L als
4 b 015 sk nl by =00 DC Gl W5 s Ol s
S5 SO e Cormsn e (6 50l gl sl
St 015l e 6 S5 55 55 DC
e S Olge 4 Sl OlE DL el 53 el sdd o3l
[¥e YA 53 e els OLES S5 4 anecls O

Sl 2bsol s et J xS Gla hs, 5l esliad 6l
Oy L G ot Joe s e i Ol Sl dal 3 s
YU L s e e IS cpl gl ol 5L e e b
IF] S o o Vo 5 Iepr LIS 4 I~ 1,



q)

AFAN3 cr)l.é.?; a)km: ‘v.qu; JL ‘Léj‘. w.c.)s.k@,d)} L;L\M'Lm u:aj,ﬁ

"Asb \L«.&)U'M
05Q Re .
riv
500 uF c e 3
0.2,0.27, RLRZ. 1 s e
03,0220 R3, R4 -
5 A Iwax | b bl
20,20 Q RL L
115,115 W cpl -
50 KH fs S
0.161, 0.126 al, a2,
0.183,0.142 (¢/ S
w2) a3, a4
26,62, bi, b2,
S
5.1,3.9 (¢/W) b3, b4
110, 120, W1, w2,
S
85, 95 (¢) w3, wh
32,3 Raz Ras,
Sl
3.4, 29 de3 , Rd'4
11 a st
0.15 £ S A
. DC .t

gl A 3o (40 )5 rowduo
olg

Sy i

()

ch..ﬁ S J 281 (0) sandllan 5 ) g0 105 5 (N (V) UK

4 gby 4yl

ol dsles 8 3t 55 (0) IS i e i 5 (V, )

:J).ida&:::dﬁj Q)j.p&gla;'-

p P
I Py + 2 -2

opl = 7 A )

O3 b s o saaliie (1) Dolas 51 65 sbolen
0L e SO L (310 s Canslie SO L Ol 5 e |y S

4
ch] = _fpl (\V)
P
Icpl = 2‘(;_111 aA)
o
R HIN W eb)_’T (-\) Jg‘l DL ‘YL .E__:b)
o
R b o
cpl
P 1
| |
o-\.u‘)sl J-\.a.n VBUS} Repl GD Iepl }
| |
\L |

b Ol L s Jae 1) S

3\t oo,y (5luwand -0

450 5 adsl sS85 aalllae 550 S0
Do Sl d 5wl sl eals OLES (V) IS s
oalii ol s Hlezr 3525 LSl ) SO Sl sole—iy
Sy Al b eyl polie (V) Jodar 5o 55d e
Llodd 03,51 s 5,5 DC

S Sl ol gl 28 s 2 V) SIS o
PSP RC P Ry

Y= [yl, e Yy ...,yn]T 0%)

sl sti 05155 el p b sl el (S 0l s
200 s 53— 35l Ol ay; J 28 & &8
o e K5 sl sl e 5 o ol Jbe 55 IS
el T Je W5l o ol

DC iy, sbajul,b palie (V) g

Silwand 5 polis
N e el Of 2o
Jbs e
48V VRated b W)
10 uH L Jae i




Sl Ol b ysam s Bl hasiie 5 2w DC claaslig ) 5o 5y 55 5 015 Lo o ay

o S5 Ol il Ky sl Jlad 4yl 58 bt oS 350
b s 5l pln 5zl s O el ke 5 b 5U5
AP yePy
Ko 5 e sdalie (0-9) JS2 55 &S 5 5b0ks
odid e b Sy o e JU (ol B 5U S S
338 o3l @ e slis 0L Juos b el ols 55 5 laal s
Ll S aS e dul al cpl ol Ly A Olas S
B J S o el s s S5 Bl il Ll e slgniey

S Gl |

1.5 2 25 3
time (s)

(<

Vbus (v)

0 0.5 1 15 2 2.5 3
time (s)

(&)

Voltage (v)

0 0.5 1

L5
time (s)

)

i (AN N S 5l sl ) s Q) K5
BE Jabju} Q‘,:;.U (u) f&U;‘.\fu}w\gS\ﬂ}cﬁj\ﬂ_,
e oA Wy s Shee ((Q) (b & g J xS gl

DG

A 53 03dr 0l g Mg e ) lla =)0
@bl 5l i 5 b ol o2 £

bl a8l s, s 0l S 4S5 boles
e Glsl lajes planil i 53l (3l a5 (glocas skoms
35 oo e 4t Sy SL5L 5 015 e Lo
Ll o5, 456 RS

3 S oo s e Sl e (a3l 2
Ok O el r (g0 (S3lgiy (ha) 3 Shes ((ioman
0L mis B R s Ly b ol (B 5 kS s
W) I8 5 (blasl jlrle ds dal ot ) (s3Lad]
B D O g S R e
S 55 55 5 ddes Dl Sl eslanad L gluan s (golgiyy
5 IS 4 el ot plandl S D5 L 5 eslis

s e OLS 1y (gnlgiig By o
DG1

e DG4

DG3

DC iip; 55 DG Llgr (blisl jlsle :(A) JSs

25 89 Ol Koy s 151 SRala3T V10
&}&JQ)P})BCJW&Q’;#

)LLC)\M@&E;AJ'JJ&JHJ%J})
Olg o |y ol ol b IS Lol ol iolesl aslis
:A;Mﬁjibqu

o da b g3 s O 3 a8 (i =) Jyl > e
NG 4.:)\5‘ J:bj C,Jl;- ‘JJ.J‘) ))ﬁé} QL&)VA

| L;'IA}LEA)L.ASRLIZ )b. (@U\—Y)€j: 31;-,« BE
.:ﬁjda}@litzl Ol s

Sl Lsiﬁju.a )b. ASRL’2 )b. (A:JU Y—Y’) r}.n 31;-,« BE
Spdig o osligs alUt=2 0l s

23 i o odal i (J-4) JK_.: 05 &S Hsbolea



‘\T" \f—'i‘r)l.éﬁ:a)wgr.ﬁ)fudbcdfw@)}éutmu:d}b

@3lpin b5l I8 4 o ol l 335 a3l (e
Gl b qu"?‘ Jfﬁ@zJoMTb}}juju) g_e‘fu‘ .,L:.‘jda
LY

15
time (s)
70
N
= M
w \f
]
o=
-
30
20
10
0
0 0.5 1.5 2 2.5 3
time (s)
()
——t
v2
70

0 0.5

timé ()
(&)

(N Sl 5 egs Seobeyl i p @& 0V Jss
5W s O s () ¢l ke 5 b 5y o SW Ol s
o 5y s Shes () 1dlad & U J 2S5 55 b
DG ,4=

Ol 5 35l 5 4 OF) 5 (-VY) sla J3 s

f}f'-gl)s(\i)N.L\a@a:l;bLﬁdL@DGf}f‘-
A DG s Ol g ke &S a3 e 023 [, DG s
it asls Gl (1) Jsd 3 35w 05 A5 IS e

.dfv-ﬂ‘

LgLaJﬁ_i): DG e OLg-ﬁijIJ) (e A
BL DG A u"ﬁj" Q\}; Lledd eals OlLis (\')}(u—Q)
el Ol e e oS el e esls 0L (1)) IS

RGO P WP Y LIZJ_LM (Y) J}J}- BE U‘_}J .X:.‘)J ‘)SZ.‘J”]A

Current (A)

0 0.5 2 2.5 3

15
time (s)

DG 4z 75> 0Lz 2,5k HAEDI L

2 a0
30 I
0 0.5 1 tin:es(s) 2.5 3
DG 2 4l s 015 Ol pmis :(VY) IS
wogp Ol Mg IS Ay 58 (V) Jpr
(a58) Oles \—» Y- Y-Y
¢
—) 4, - Yoo VYO Yoo
<kw) s

A 53 09 Ol 5 Kiagy gl 033 SRalo3 —Y-V-0
ol Ol Hb s 5o bt Sl o S

Jb Ol o olgnin S sy lesl cal s
b ol Al bl 0l ey 5 o3l Sl Ol
s g ol Dl JnalesT diles e

53 b e odalie (LI Y) ISt j3 a5 5 sboles
o W Bl el sl Jbes adyl J a8 s oS 550
Al g 3 5m 4 OF b Slie 5 b 5

b e odal s (CmVY) IS 3 a5 boles
Sl s (Lol 0l L Olse @) Ry p oSl 5l s o
s A Olan 48) sl e a b S5 e 58 e slie 3l



Sl Ol b ysam s Bl hasiie 5 2w DC claaslig ) 5o 5y 55 5 015 Lo s

ol gl ol A= i ls | g Olaj o

i sl S S Ryz b (6)Y) o3 e s
Sy phad B t=1 ol s

e sl Jb S Rpz 5L (b Y1) oo il e
By Jeos ool SBTE2 Ol s

53 pbge sdaliia (CUH10) US55 o biles
o Sy Gl (S5 Al Jlab ad sl J S b oS 5, 50
b s 5 adad pln 5zl s O el ke 5 by 515

Al g

o 0.5 1 15 2 25
time (s)

(N

60 [\
—8F

30
20
10
0
0 0.5 1 15 2 25 3
time (s)
()

—_—1

v2

70 V3

Vi

60 r\
= a8F

Voltage (v)

’ " time (s :
(&)
(AN Y I 51 dgl SobesT z:00) Ko
5Wy O s () ¢ b Hlhie 5 b 5y o 5W 5 Ol s
o W o Shes () 1l 45U S ) g s b

a¢
1.2
=
] 1
g 0.8 -
o
0.6
|
0.4
0.2
o 0.5 1 1.5 25 3
time (s)
DG = 75 0L~ 5 Shs :(VY) K2
0 o3 NI 23 H
DG 2 4l 015 &l s :(V8) IS
wogp Ol Mg S A58 :(F) Jpr
() Olej - Yo Yoy
¢
. Yo00++ YO Y00+ s
(kw) -~

BS54 b OIS Mg s Y Sl -Y-0
bl L 55 5l Al
5 Bl Ry 3 e B s (LB pl o
2Lk e e 3l Srs 3 S ke (e
P S RTINS U JUg
Lol ool o o Shes ) oskie 4 al
Sl Ol L s sl S Il o o s Jue e eslinad
| @3l sy i il 5 a8 48 el e plon

A 53 L Olg Ry e 1l a3l —V-Y-0
Sosle b g 5 s Ol 5 8

Db e Ll el s ool J S )
Ol g oo |y ol ol b IS ol ods iolesl aeslis
BS el 5 M o aw

oo sl 33 2 OF 3 a8 (e -)) ol il e



qo \f.'igr)l.éﬁ:a)wcrh)fudbcéfw@)}éutmu:d}b

L 4)}—1‘54 OML»:.A (;ﬂ.“—\/\) (}@)JASJ_}LQM

J\._Jdn Sy b QT J‘U Dlde u*"l-’ juﬁ

0 0.5 1 15 2 2.5 3
time (s)
(<
70

0 0.5 1 1.5 2 25 3
time (s)

(<)

Voltage (v)

0 e
(&)
()Y Sl 5 egs Syl i p 2 0A) Jss
5W O s () ¢ b Hldie 5 b 5y g 5W Ol s
o 5y s Shes () 1dlad & U J 2S5 s 55 b
DG 4>

5 g edaliie (LAY IS s o 5boles
e 5l el 5 il e sl 28 i oS 5o
4Pl J S Oaadld (nl ply s e B e 35w
sdels o sy 5Ly Sl O el ol J S LS
Js o 5 b S Ol i (C-VA) IS 53 s
e e QLI 1 4 66 J zS

DSy e odallae (dd-vo) J§_.d 05 &S Hsbolea
Slde 51l S (AL Jled gl J 28 baid oS S o
52 4l RS 0adld (pl ol 3580 B e 555 b
sdels o an 55 Sl O el adyl JuS LS
35 Jlb 56 J S s 5o el S ks 35
ol sl enls OLES (g.,‘—\ 0) Ji..;
sl S 5 LDG 52 bx 53y s 5w
A Ol e palie el esls LIS (V) 5 (-Ve)
A S dyse e esls gL (VWY) S ;3 DG a

ol o 63ls J:J__LQJ (&) dj-\? BE d‘_};

=
[3 0.6
o 0.5 tin]IES(S) 2 2.5 3
DG Ller (7o Sl s Ses :(VY) Jo
I
; e .
DG 2 sl 015 Ol mis :(VV) K&
wogp Ol Mg S A58 i) Jor
(a58) Oles \—s Y-\ Y-y
¢
—) &l Yoo \YOur Yoo
<kw) “

A 53 L0l Mgy e 1p 9 Selasl —Y-Y-0
ol Ol b g 5 b Ol 3 S

b Sl o g3lgni U S By olesl ol

o) 3l Aol bl el e 5 RalesT ol 015

5o ol Ul bl dilen el



Sl Ol b ysam s Bl hasiie 5 2w DC claaslig ) 5o 5y 55 5 015 Lo o a1

odee ) Ol W5 S A pa 05 Sanes Ai by (cul
Solple o s 3 ool iy S B, )l
U5S sy nl b 63l MATLAB/SIMULINK
el o= LDC i i) G5l S 5 soleiy
Slgig 28 s o Shes 5 o oul o], A 5
ol csmasbis kS Sl o 51 s sla sl 52
eyl O S L 5 ol Ol el

Sl o @S S35 5 S (il s s
Oeoeed 5 @ Mie 4, DC b SWy B o e s
38 2B 01y 5 IS e 03 SuaS

e
[1]1 A. Maulik, D. Das, “Stability Constrained
Economic Operation of Islanded Droop-
Controlled DC Microgrids”, IEEE Transactions
on Sustainable Energy, Vol. 10, No. 2, pp. 569-
578, 20109.
https://doi.org/10.1109/TSTE.2018.2837750.
[21L. Xing,-Y. Mishra, F. Guo, P. Linet al
“Distributed Secondary Control for Current
Sharing and Voltage Restoration in DC
Microgrid”, IEEE Transactions on Smart Grid,
Vol. 11, No. 3, pp. 2487-2497, 2020.
https://doi.org/10.1109/TSG.2019.2956515.
[3] R. Babazadeh-Dizaji, M. Hamzeh, “Distributed
Hierarchical Control for Optimal Power
Dispatch in Multiple DC Microgrids”, IEEE
Systems Journal, Vol. 14, No. 1, pp. 1015-1023,
2020.
https://doi.org/10.1109/JSYST.2019.2937836.
[4] K. D. Hoang, H. H. Lee, “Accurate Power
Sharing With Balanced Battery State of Charge
in Distributed DC Microgrid”, IEEE
Transactions on Industrial Electronics, Vol. 66,
No. 3, pp. 1883-1893, 2019.
https://doi.org/10.1109/TIE.2018.2838107.
[5]1L. Xing, Q. Xu, F. Guo, Z. G. Wu, M. Liu,
“Distributed Secondary Control for DC
Microgrid  With  Event-Triggered  Signal
Transmissions”, IEEE  Transactions on
Sustainable Energy, Vol. 12, No. 3, pp. 1801-
1810, 2021.

https://doi.org/10.1109/TSTE.2021.3066334.

[6] L. Xing, F. Guo, X. Liu, C. Wen, Y. Mishra, Y.
C. Tian, “Voltage Restoration and Adjustable
Current Sharing for DC Microgrid With Time
Delay via Distributed Secondary Control”,
IEEE Transactions on Sustainable Energy, Vol.
12, No. 2, pp. 1068-1077, 2021.
https://doi.org/ 10.1109/TSTE.2020.3032605.

[71 A. Khorsandi, M. Ashourloo, H. Mokhtari, “An

QLLJ&-})“LTJJ ;g.,.;jjs M(\Q)}(gﬁ)—\/\) dudg_&):
=R Q\_,S (Y')Jg_.;..b"au osls oLz DG TS
ol o3l u.:.._:'LQ.)(O) Jj»‘)iﬁ‘wﬁ-’d‘y J.:J};JSLUA

NG

Current (A)

0 0.5 1 s 2 2.5 3
time (s)

DG = s> 0L 5 Shs :(04) K&

Power (w)

0 05 ! s 2 25 3
time (s)

DG, sl 05 Sl «(Y0) S

g Ol A g5 S 450 :(0) Jpur

(45) 0le V- Y- Yoy

¢
N e e Yoo “
<kw) 3 Yoo \Yo Yoo

S S aoeis =7
S Sl 038 Gk s Ja ke allds ol s
S eS|y A5 mle e aig 015 s 5 DC s
Sty JRS s D Al el s 5 450 J RS B
)Jlgdljr:_wi}ﬁ e ol S ol S gs Jeols
e e 033 Sl 5 (3laBl b s 8 S kS
@5 OBS R e bs b Sl B S s 0s Ols
o a3 ol eolein J S bl ol (ol L
SWe Gl it pbsb dabs J 8 ey iy ol J xS
Segs gl edgs 4l (Bl S g el dol]
b Sl 1 8 kS 55 05 5 L) bl L i Jels


https://doi.org/10.1109/TSTE.2018.2837750
https://doi.org/10.1109/TSG.2019.2956515
https://doi.org/10.1109/JSYST.2019.2937836
https://doi.org/10.1109/TIE.2018.2838107
https://doi.org/10.1109/TSTE.2021.3066334
https://doi.org/%2010.1109/TSTE.2020.3032605.
https://doi.org/%2010.1109/TSTE.2020.3032605.

‘\\/ \i'icr)l.é.?:a)wgr.h)fudbcéﬁwW}}guLﬁuﬂ}A

“Distributed Voltage Restoration and Current
Sharing Control in Islanded DC Microgrid
Systems Without Continuous Communication”,
IEEE Transactions on Industrial Electronics,
Vol. 67, No. 4, pp. 3043-3053, 2020.
https://doi.org/10.1109/TIE.2019.2907507.

[16] M. Zaery, P. Wang, X. Lu, W. Wang, D. Xu,
“Fully Distributed Controller for Economic
Load Sharing of DC Microgrid Clusters”, in
2020 IEEE Applied Power Electronics
Conference and Exposition (APEC), 15-19 Mar.
2020, pp. 597-602, 2020.
https://doi.org/10.1109/APEC39645.2020.9124
512.

[17] M. Zaery, E. M. Ahmed, M. Orabi, M. Youssef,
“Operational cost reduction based on distributed
adaptive droop control technique in DC
microgrids”, in 2017 IEEE Energy Conversion
Congress and Exposition (ECCE), 1-5 Oct.
2017, Pp. 2638-2644, 2017.
https://doi.org/10.1109/ECCE.2017.8096498.

[18] X. K. Liu, H. He, Y. W. Wang, Q. Xu, F. Guo,
“Distributed Hybrid Secondary Control for a
DC Microgrid via Discrete-Time Interaction”,
IEEE Transactions on Energy Conversion, Vol.
33, No. 4, pp. 1865-1875, 2018.
https://doi.org/10.1109/TEC.2018.2850279.

[19] J. Zhou, M. Shi, X. Chen, Y. Chen, J. Wen, H.
He, “A Cascaded Distributed Control
Framework in DC Microgrids”, IEEE
Transactions on Smart Grid, Vol. 12, No. 1, pp.
205-214, 2021.
https://doi.org/10.1109/TSG.2020.3020364.

[20] A. Khorsandi, M. Ashourloo, H. Mokhtari, “An
adaptive droop control method for low voltage
DC microgrids”, in The 5" Annual International
Power Electronics, Drive Systems and
Technologies Conference (PEDSTC 2014), 5-6
Feb. 2014, pp.84-89, 2014.
https://doi.org/10.1109/PEDSTC.2014.679934
9.

[21] M. Zaery, P. Wang, W. Wang, D. Xu,
“Distributed Global Economical Load Sharing
for a Cluster of DC Microgrids”, IEEE
Transactions on Power Systems, Vol. 35, No. 5,
pp. 3410-3420, 2020.
https://doi.org/10.1109/TPWRS.2020.2975378.

[22] B. Fan, J. Peng, Q. Yang, W. Liu, “Distributed
Control of DC Microgrids With Improved ZIP
Load Adaptability”, IEEE Transactions on
Systems, Man, and Cybernetics: Systems, Vol.
52, No. 7, pp. 4623-4633, 2022.
https://doi.org/10.1109/TSMC.2021.3101813.

[23] Y. Dou, M. Chi, Z. W. Liu, G. Wen, Q. Sun,
“Consensus algorithm based distributed control
for economic operation of islanded DC
microgrids”, IEEE Transactions on Control
Systems Technology, Vol. 30, No. 6, pp. 2561-
2572, 2022.

adaptive droop control method for low voltage
DC microgrids”, in The 5™ Annual International
Power Electronics, Drive Systems and
Technologies Conference (PEDSTC 2014), 5-6
Feb. 2014, pp. 84-89, 2014.
https://doi.org/10.1109/PEDSTC.2014.679934
9.

[8] Y. Zeng, Q. Zhang, Y. Liu, H. Guo, F. Zhang,
“Distributed Cooperative Control Strategy for
Stable Voltage Restoration and Optimal Power
Sharing in Islanded DC Microgrids”, IEEE
Transactions on Power Systems, Vol. 39, pp.
3431-3443, 2024.
https://doi.org/10.1109/TPWRS.2023.3274932.

[9] M. Cucuzzella, S. Trip, C. D. Persis, X. Cheng,
A. Ferrara, A. v. d. Schaft, “A Robust
Consensus Algorithm for Current Sharing and
Voltage Regulation in DC Microgrids”, IEEE
Transactions on Control Systems Technology,
Vol. 27, No. 4, pp. 1583-1595, 2019.
https://doi.org/10.1109/TCST.2018.2834878.

[10] B. S. Hartono, Y. Budiyanto, R. Setiabudy,
“Review of microgrid technology”, in 2013
International Conference on QIR, 25-28 June
2013, pp. 127-132, 2013.
https://doi.org/10.1109/QiR.2013.6632550.

[11] M. Hamidi, O. Bouattane, A. Raihani,
“Microgrid Energy Management System:
Technologies and Architectures Review”, in
2020 IEEE International conference of
Moroccan Geomatics (Morgeo), 11-13 May
2020, pp. 1-6, 2020.
https://doi.org/10.1109/Morge049228.2020.912
1885.

[12] M. Hamidi, O. Bouattane, A. Raihani,
“Microgrid Energy Management System:
Technologies and Architectures Review”, in
2020 IEEE International conference of
Moroccan Geomatics (Morgeo), 11-13 May
2020, pp. 1-6, 2020.
https://doi.org/10.1109/Morge049228.2020.912
1885.

[13] M. N. Hussain, R. Mishra, V. Agarwal, “A
Frequency-Dependent Virtual Impedance for
Voltage-Regulating Converters Feeding
Constant Power Loads in a DC Microgrid”,
IEEE Transactions on Industry Applications,
Vol. 54, No. 6, pp. 5630-5639, 2018.
https://doi.org/10.1109/T1A.2018.2846637.

[14] M. Zaery, E. M. Ahmed, M. Orabi, “Consensus
algorithm  based distributed control for
economic  operation of islanded DC
microgrids”, in 2016 Eighteenth International
Middle East Power Systems Conference
(MEPCON), 27-29 Dec. 2016, pp. 854-859,
2016.
https://doi.org/10.1109/MEPCON.2016.783699
5.

[15] F. Guo, L. Wang, C. Wen, D. Zhang, Q. Xu,


https://doi.org/10.1109/PEDSTC.2014.6799349.
https://doi.org/10.1109/PEDSTC.2014.6799349.
https://doi.org/10.1109/TPWRS.2023.3274932
https://doi.org/10.1109/TCST.2018.2834878.
https://doi.org/10.1109/QiR.2013.6632550.
https://doi.org/10.1109/Morgeo49228.2020.9121885.
https://doi.org/10.1109/Morgeo49228.2020.9121885.
https://doi.org/10.1109/Morgeo49228.2020.9121885.
https://doi.org/10.1109/Morgeo49228.2020.9121885.
https://doi.org/10.1109/TIA.2018.2846637.
https://doi.org/10.1109/MEPCON.2016.7836995.
https://doi.org/10.1109/MEPCON.2016.7836995.
https://doi.org/10.1109/TIE.2019.2907507.
https://doi.org/10.1109/APEC39645.2020.9124512.
https://doi.org/10.1109/APEC39645.2020.9124512.
https://doi.org/10.1109/ECCE.2017.8096498.
https://doi.org/10.1109/TEC.2018.2850279.
https://doi.org/10.1109/TSG.2020.3020364.
https://doi.org/10.1109/PEDSTC.2014.6799349.
https://doi.org/10.1109/PEDSTC.2014.6799349.
https://doi.org/10.1109/TPWRS.2020.2975378.
https://doi.org/10.1109/TSMC.2021.3101813.

Sl Ol b ysam s Bl hasiie 5 2w DC claaslig ) 5o 5y 55 5 015 Lo o aA

agent systems”, in 2018 International
Symposium on Recent Advances in Electrical
Engineering (RAEE), 17-18 Oct. 2018, pp. 1-5,
2018.
https://doi.org/10.1109/RAEE.2018.8706900.

[31]1 A. M. Rahimi, A. Emadi, “An Analytical
Investigation of DC/DC Power Electronic
Converters With Constant Power Loads
inVehicular Power Systems”, IEEE
Transactions on Vehicular Technology, Vol. 58,
No. 6, pp. 2689-2702, 2009.
https://doi.org/10.1109/TVT.2008.2010516.

[32] A. Kasis, N. Monshizadeh, E. Devane, I.
Lestas, “Stability and Optimality of Distributed
Secondary Frequency Control Schemes in
Power Networks”, IEEE Transactions on Smart
Grid, Vol. 10, No. 2, pp. 1747-1761, 2019.
https://doi.org/10.1109/TSG.2017.2777146.

[33] M. Zaery, E. M. Ahmed, M. Orabi, “Consensus
algorithm  based distributed control for
economic  operation of islanded DC
microgrids”, in 2016 Eighteenth International
Middle East Power Systems Conference
(MEPCON), 27-29 Dec. 2016, pp. 854-859,
2016.
https://doi.org/10.1109/MEPCON.2016.783699
5.

[34] N. Mohammed, L. Callegaro, M. Ciobotaru, J.
M. Guerrero, “Accurate power sharing for
islanded DC  microgrids  considering
mismatched feeder resistances”, Applied
Energy, Vol. 340, p. 121060, 2023.
https://doi.org/10.1016/j.apenergy.2023.12106
0.

[35] Y. Dou, M. Chi, Z. W. Liu, G. Wen, Q. Sun,
“Distributed Secondary Control for Voltage
Regulation and Optimal Power Sharing in DC
Microgrids”, IEEE Transactions on Control
Systems Technology, Vol. 30, No. 6, pp. 2561-
2572, 2022.
https://doi.org/10.1109/TCST.2022.3156391.

S. Malek, M. Gholipour, “Robust Scheme for
Voltage Regulation and Power Sharing Among
DERs in DC Microgrids”, IET Renewable
Power Generation, Vol. 14, No. 4, pp. 647-657,
2020.
https://doi.org/10.1049/iet-rpg.2019.0184.

6 Dynamic Consensus Protocol
7 Flexible Current

8Virtual Voltage Droop

9 Kuhn-Kun-Tucker

10 Increase Coefficient

https://doi.org/10.1109/TCST.2021.3125322.

[24]1 F. Guo, L. Wang, C. Wen, D. Zhang, Q. Xu,
“Distributed Voltage Restoration and Current
Sharing Control in Islanded DC Microgrid
Systems Without Continuous Communication”,
IEEE Transactions on Industrial Electronics,
Vol. 67, No. 4, pp. 3043-3053, 2020.
https://doi.org/10.1109/TIE.2019.2907507.

[25] F. Zhao, N. Li, Z. Yin, X. Tang, “Small-signal
modeling and stability analysis of DC microgrid
with  multiple type of loads”, in 2014
International Conference on Power System
Technology, 20-22 Oct. 2014, pp. 3309-3315,
2014.
https://doi.org/10.1109/POWERCON.2014.699
3873.

[26] A. Emadi, A. Khaligh, C. H. Rivetta, G. A.
Williamson, “Constant power loads and
negative impedance instability in automotive
systems: definition, modeling, stability, and
control of power electronic converters and
motor drives”, IEEE Transactions on Vehicular
Technology, Vol. 55, No. 4, pp. 1112-1125,
2006.
https://doi.org/10.1109/TVT.2006.877483.

[271M. K. Al-Nussairi, R. Bayindir, S.
Padmanaban, L. Mihet-Popa, P. Siano,
“Constant Power Loads (CPL) with Microgrids:
Problem Definition, Stability Analysis and
Compensation Techniques”, Energies, Vol. 10,
No. 10, 2017.
https://doi.org/10.3390/en10101656.

[28] R. D, Shivam, R. Dahiya, “Stability analysis of
islanded DC microgrid for the proposed
distributed control strategy with constant power
loads”, Computers & Electrical Engineering,
Vol. 70, pp. 151-162, 2018.
https://doi.org/10.1016/j.compeleceng.2018.02.
020.

[29] W. W. A. G. d. Silva, T. R. Oliveira, P. F.
Donoso-Garcia, “Hybrid Distributed and
Decentralized Secondary Control Strategy to
Attain Accurate Power Sharing and Improved
Voltage Restoration in DC Microgrids”, IEEE
Transactions on Power Electronics, Vol. 35, No.
6, pp. 6458-6469, 2020.
https://doi.org/10.1109/TPEL.2019.2951012.

[30] S. Ali, S. Ahmed, S. N. K. Marwat, “A practical
approach to consensus based control of multi-

1 Centralized Control

2 Decentralized Control

3 Distributed Control

4 Droop Control

5 Complex Communications


https://doi.org/10.1109/TCST.2021.3125322
https://doi.org/10.1109/TIE.2019.2907507.
https://doi.org/10.1109/POWERCON.2014.6993873.
https://doi.org/10.1109/POWERCON.2014.6993873.
https://doi.org/10.1109/TVT.2006.877483.
https://doi.org/10.3390/en10101656.
mailto:https://doi.org/10.1016/j.compeleceng.2018.02.020
mailto:https://doi.org/10.1016/j.compeleceng.2018.02.020
https://doi.org/10.1109/TPEL.2019.2951012.
https://doi.org/10.1109/RAEE.2018.8706900.
https://doi.org/10.1109/TVT.2008.2010516.
https://doi.org/10.1109/TSG.2017.2777146.
https://doi.org/10.1109/MEPCON.2016.7836995.
https://doi.org/10.1109/MEPCON.2016.7836995.
mailto:https://doi.org/10.1016/j.apenergy.2023.121060.
mailto:https://doi.org/10.1016/j.apenergy.2023.121060.
https://doi.org/10.1109/TCST.2022.3156391.
https://doi.org/10.1049/iet-rpg.2019.0184.

