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OPTIMAL OPERATION AND CONTROL OF DC
MICROGRID BASED ON IMPROVED DYNAMIC EVENT-
TRIGGERED CONSENSUS

ABSTRACT

DC microgrids play a vital role in the energy internet, serving as an
essential component for realizing smart grids, distributed energy
management, and flexible dispatching. With their high-efficiency energy
transmission capabilities, low energy consumption, compatibility with
renewable energy sources, and the advantage of reducing system
complexity, DC microgrids are increasingly becoming an important means
to achieve efficient energy utilization, enhance the flexibility and reliability
of energy supply. Traditional time-triggered mechanisms, which operate on
predetermined time cycles, are prone to resource wastage and lack
flexibility and robustness. Hence, researching event-triggered mechanism-
based coordinated control methods for DC microgrids is of significant
importance. This paper primarily focuses on the economic dispatch and
voltage coordinated control of DC microgrids within the context of the

energy internet's Cyber-Physical Systems (CPS) architecture, conducting
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the following research:

(1) For the DC microgrid system, analysis is conducted from both
network control and hierarchical control perspectives to construct a CPS
hierarchical control system for DC microgrids. This system primarily
realizes hierarchical control of DC microgrids through the physical layer,
information layer, and service layer, with primary and secondary controls
achieving microgrid voltage stability control, and tertiary control realizing
microgrid economic dispatch.

(2) Addressing issues such as communication delays between
distributed units in DC microgrids and excessive information exchanges,
an event-triggered control (ETC) mechanism is combined with a consensus
algorithm to propose an improved dynamic event-triggered consensus-
based coordinated control method for DC microgrids. Each distributed unit
is treated as a multi-agent, applying the consensus algorithm to design a
state observer. Event trigger conditions are designed based on the state
information of each multi-agent, allowing for information exchange among
networked agents when conditions are met, thereby reducing the number
of controller updates and lowering the system's demand for network
bandwidth. Simulation results show that the proposed improved dynamic
event-triggered consensus algorithm, compared to traditional distributed
consensus algorithms, not only achieves stability in the DC microgrid
system but also requires fewer controller updates and demonstrates good
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robustness across various scenarios.

(3) To address the issue of excessive sampling times in the control
system of distributed economic dispatch strategies for DC microgrids, an
improved dynamic event-triggered consensus-based economic dispatch
strategy for DC microgrids is proposed. This improved dispatch strategy is
combined with the Lagrange multiplier method to minimize the total
generation cost of distributed units in the DC microgrid, achieving equal
incremental cost rates among distributed units and obtaining the optimal
power output values for each unit under the constraints of power supply-
demand balance and generation capacity limits, while significantly
reducing communication frequency.

(4) Due to issues such as high communication frequency and
secondary regulation errors in traditional dynamic event-triggered
consensus-based distributed secondary control strategies for DC
microgrids, this paper proposes an improved dynamic event-triggered
consensus-based secondary control strategy for DC microgrids. This
improved secondary control strategy allows distributed units to exchange
information when trigger conditions are met, effectively reducing the
number of communications between distributed units while achieving
voltage recovery and precise allocation of active power. A simulation
model is established in Matlab/Simulink for simulation analysis, with
results indicating that the improved secondary control strategy exhibits
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excellent dynamic performance.
Changle Ouyang(Electrical Engineering)
Supervised by Prof.Chun Zhang
KEY WORDS: dc microgrid, multi-agent consistency algorithm, dynamic
event-triggered mechanism, distributed control, economic dispatch,

voltage restoration
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7



RT3

FRITAI A FE I B 70 . 42 BT AR 4w (0 P 0 R B S B, T M ) BT
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(2) X EEFE
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(3) k&5 E: B8O, HEPOMERER RS Sk oM T
il LI R R SN B AT il OV B E s AT SR BB 2 . R DR S B
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€ R BARIIBAT B AR, JFN N RERIR IS H5 5 . a2 CREERD
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SEIBATION, B

1) F A g 4 ] e Y PR A R SR DRI A F P ) F R AR R

2) MR AE] T ERIE RS, MR RRAE VGNP SR EGT A

3) DL DG i DAk S ROk A B BC 5 7 K

ZZ I 2 R BERNER, A% RS R ZhE R
. FEERA PID 2 55 4zl 7572

(2) a4z 2 (Secondary Control Layer)

o R 1 D A ), AR S R N A R B, SR B R R G
BT, WRRGEARERE, X BRI, B

D BRI @R RGN BEE. AMOIESH, WIRAREDE
V0 B N PR FFARLE

2) DR @ SA IR REE, 1RT RGRERG IR AT
FRAEREVR I & EER

TR G AR I AR SR S I, T R ARG (RS R TR Sk AR
.

(3) ZE4EHl|JZ(Tertiary Control Layer)

F A E R =], R A IR A N FERIRIZ AT A e R, 2t i
JE. TN, REKWET R gl F R

1 GRS, s TR AL ke RGBT, LAFIRE
ITRAR, FEERCE.

2) BEIREHE. @ EBERIMEEIREE, TR DG TR 5 5t 7R
RSN T

3) ARG S IRE HNE: A KRGS SRR TR, RER R GTE
IR B R 0 PR W B B 2 A TR

(4) WBEHREE

HAE 5 W2 A TR &S 2 8] BI85 515 B A8 #, iR -T2
JEZIRE RiE S FL . B

D) SERfiEds: WERCEMERE, G EE. BR. RREE.

2) HdfAL . 8IS S MOEE MY (W Modbus. CAN. Ethernet) HH/T4(#5
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PAE A R 2 8] 5 W R AT — XA R El i s skl 2 5 ahn, RfA
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BAERE R, ShA R BB, JF5 (AR B O 3™ J AT 0 J= P 2R
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1/]5 ﬁfa He

DRNEANER, ER g, R FEZEREM

pa sl PR AR ST MEE . RGTHERER B RS, SR
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1.6 BN X $ SR A 53 K

LU AR ER T3 R R A B A SR IR B RF R DO BARBEIR R SR
HEY ARy o AR EER], ORI S R R G, TREN— IR
PRI AL, B ORI R KRR I AT A R P o B0 SR ) SR A
— AR S T AR, oAb A A

1.6.1 &Rz

B R B X AE B A ] 1-3 Bz o B A s i) A2 RO SR ) et
BRI BN BEAT 48— R BERDR AL (R 2 1 SRS o o SR ) 288 00 SRR A T
Iy EISEIN Bt R TIPSR, T RG R ATRAS, T EX — R
A ZEBEAT VRS, JRR(E Sl AR M AR A B — R, R HR R 2
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FLUE ORI B
1-3 B a0 S b s A
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O SE IR B¢ W AT e 3 BUEHIE SR ZRANEIR , FEM R RGEIERE . o Rz i %
—HOR AR, ] RS BURA B GIOR R ] 2R SR .

1.6.2 R ITH

I A AR WS AE B B X R (0 B N EL L, AT 22> DG 3[R B
IS ] DA R0 1 R I R 3 i Y o A AR A AN R I B e P XU
BREPE R ARG RAFPEANE L o 20 Al FAR A S — Pk R A B A 4%
il SRS, ORAIECH X 2 AP S AE A 2 R (5 B IR O R, B4 DG ] LLUIE
RN M TT G SR B S, A SEI 2R H b, sy
HL PR 25 o LA R I 9 A 2 R P G 1] 1-4 P
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IR
A r 3 A
\4 Y \J
|l || sl || || ddl |
4 4 4
| bt | [ pc2 | | DGn |

LU o R 2%
B 1-4 FL I F ) A s i A 1

A AR AR BT 4R A A 1 1) e R0 s A T A i A SR A 4, XA R
G Al e KRG HAA s & R HIE S5 7 B 2N RS P
FATC, A AR e AT RCRE S B s s 0 XURS: /D845 BE, T BR R R S
L FEANE N RE T o RIS, 7040 A K BB A KA R gt rh R T i, 1E N AN
It eah, HAMKR T e f il g, BRAR 7 AR 4E T ileAs . [Hlk, 70 A
TR A Gl HE R 93 A1 3 REE 28 Gt HH RES B A s BT S ORI BT, ST R gede e 1k
ABEP R

1.7 FEZRRAR

AR BT B R 22 U EE A B A 3 IR P SRS B EAT BT T .
FEXS AR RIBIF FERT G 3. MAS #A7Y, il 3z Y S fid e — Sk SR i) kAT
KA, FARSEAF RS H AR, WA T oG, 3R T ATk sh A S
i R — MR AR, G R U AT E 1k B R 0 SO SR WS RS E M REAT
Mo AEBLIEA E, SR T O s A F A Al A — B R B N e B R
SR 5 A SRS o JE I RIS AT, TR SO SRS AR 2 ELALOR M R
VA ThAREG IS, GPF AL Bl B R R R S ORI [, FOKIEFEAR DG 4]
RIEAE AR, TLREME B A SCEEW TN RN

(1) AR TCT 5 S R SGHAT A, 204 7 BB M. Bl
P2l 5 R LR L X 5 AT AL e A 2 1 SR DA K LA PR
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P s ) BRI ST IR, IR L S i AL P A, D 4 1 o ) b B

(2) SINER . 2 i R e L . 28 etk — SO SR T ik,
HAE T FAMR — SRR, NG SR 5T 58 E H A

(3) 15X B L 22 G0 HH AR R A5 BT B AR B 22 45 i) /R AT
WHFE, TEFLRAlRHLGIIEAE b, R AT S0l $ H — i T S0 45 F 1Al
R R CLUR AR <ot Fk ™), SR i R B b T sudt L 1
FasE ke, UEI T SOM FIRRENS R IR . NI SO R LR, AR SOR
H 58800 A0 X Bt BRI AT 5 BN L, FLYE % 8 S AR 0 S S 7 A Rk 3 AT
PERE LR, 1 —AIE B AR SOk SRR IR0 34 g LA H DO 22 5 O 8 S5 4 ok P 7
PRAE T LA

(4) BNLVLETM M RS DG &R H AR B AR A B b o 3000 2657 1 P A5
Ao B T ST RO S A F AR — B0 0 B RO 2 B R SR (UL fRTRR
“ U BESHENE 7D, Sy T SO EE SRS AE BRI A TN BT FR A E VA
WS . IFRIFFE T ik R B SR AR AN [R] SR B8 1 55 T A U

(5) %o o3 A1 20 Uk s ) o BE 2R R RV LA R G TR M BEIEAT I AL
GEG TR FE IR, BETE T T SOEE B A8 F Ak A — B0 1) 437 20T 2 e O
B JEEET 2O B8 5t — b L T Sk BN A S R — SO k] SR (LA
NTEIRR SO RIS ) o % SRR AT AR SEILBR AR H R I [E B, SRE T &
R, BEAG 7@ SR, X357 203845 SEUR R H 1. 83 £ Matlab/Simulink /7
FLIRA T 3 A OG0 A Y, 37 T S BRT EL SRR etk s ] SR B AT 5
AN o

(6) W4 ANAMATRBAEL:, HRRR T/ETREE,

B 1-5 kT ok B A S ik — SR B A AR A 18 4T S A R
B, T AR FER NG
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2 F MEENA

2.1 B

W 2-1 s, 4 GRoR 5 15 MAS I #ifh, G=(V,E, 4), Hdh v
K G P E TR RS, 22— NERIETES, BONTURE, Eevxy L4,
A={ay} AEEFERE, a; RT8TUR is j AL, ai=0, H. a;20 (i), WHR(G,))EE,
VAR i jAedeidm, B %Wﬁj%%%,%ﬁ@w,éwwﬂo%ﬁﬁﬁﬁ
WIS, MIFR G M, FealHh, xHFRMERE, ()HSM T30, B
af%oﬁ%,Exmﬁi%%E%ﬁ%Mﬂﬁﬂ(UEB,%&zz%%mﬁi

ieN;

MINEE, W G IR RS E O L=D-A4, AR D=diag{d} -

@ mlﬁi

—

di=aptag

=0y tart
dantanstay d=ayrtaytasetass

d4=a42+a43+a45 d5—a53+a54

K 2-1 HAT ARG MR E
A ETUSHIAEN 1, B ay=1, 3 S A0 ORI A B L il vl DLAS 24T b2
M A FERERE D Flh e dr WraE e £, Hp,

01100 200 0 0 2 -1 -1 0 0
10110 03000 103 -1 10
A=[1 1 0 1 1|, D=[0 0 4 0 0|, L=[-1 -1 4 -1 -lfo
01101 000 30 0 -1 -1 3 -
00 1 1 0] 00 0 0 2] 0 0 -1 -1 2]

IHAE WY 2% HARECE B B R E T — B SRR R USoE FE, RACEE R BOR, —
B FEE R WSICE BB R . o HL, A5 2% B ARBOEIE R, DG A I8 15 4
REAL, REEH A FEABEFEEED.
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22 FHREEIAEXRZEMEER

ZMEE 1K (Lyapunov) 3R — M H T SR ARG R Ge A€ 1t 1) B 2807
TH, ITEZNHTHERER. 3h /1 KRG TR, S R et oir i T
— A% EAR, BEI S N TR R R, R REE R, HORAIMT &
G E

E X RGRAE TR (2-1) FoR:

X=f(x), xeR", £(0)=0 (2-1)

F#AE— Lyapunov B3 V(x), 45

(D EEM: vy>0, NTHAEx20, Hr©0)=0.

(2) MEFH: V(= d’t/ =VV- f(x)<0 o

JUJ~P-45 53 x=0 /& Lyapunov &€ 1), RIAIGRAIRGETEL P sl WARGRES
EEIRE . WD R A e, By o<o BT x20, M RGEANE
B, HIDRESW S IEHE T PHE A x=0, WP S REHTIRER. W x>
N, Vx)-»>wo, Hrx<o, WRSERERELEREN.

Lyapunov J7 A& S8 2 M1 — & B Lyapunov BREL, HUEH Ik R 4
MFREED . IR EO:

V(x)=x"Px (2-2)
X, PONIEERRE.

2.3 ZEREMF—EUE

23.1 RSN —EMEIN

&Ml n NEA - REMESES R RARLLRT MAS, 5 i DEREARR
NI TTREN:

x,(0) =u,(1) (2-3)
K xi(O)=[xix0,... xin]" VB BEARPIRES AR wi() IZEHIHA AR
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BRERZ I FEAE AN — N G ORFER .l H 5 8 A L
(1) = 30,05, (0 =5 1) (2-4)
X, ay R R | A REAA j BIAREAUE .
232 EBETER—E MY

5 J8 MAS £ 5L PRIS AT HAFAEIE 5 I AN B B I 2 A R2m, 51N B2 I
TER— B, HTRE:

x ()= ia[j[xj(t—z'”)—xl(t—z'ﬁ)] (2-5)
KA, o AR | TR REAR j Z (B B A5 I A s o AR REAR @ B 5 IR T 4E
2.4 EHELLHLE]

TEIA 1A o0 A 2z il v, 388 SR S SRR 42 ) 77 20, RDPE R MIE AR RS
[A] RUESHEAT RAE . AT, FESEPRIH IS AT o, SR R I R A 7 22 i O
BOEAEBERIR P, b IS ML 58, SEINRAS o S0 XMh i L, Sl A B
T L FH A AL IO o AT T 96 A2 A i PR SR A BT R 2 PR a2k AR ) 5 64T
SKAE, AT AT SEEIA FH 5/ ARS8 A B8 R0t Ak v 0 R AT A i 8 1

FAH AR HLHI R, o2 TR N R Guig AT AR e AT~ ERIRIEHT
AR B, BB AHOCI SR 261, 24 R GUIRAES I R BOE ISR, 42 2%
WSS, ARGUREW L BT MR, WGl EECR G S, AR
FRE b — AN 2 B S IPIRES 5 e AN SRAFE (R [B) A B AR LG, S Ak
P AT LR/ 2 2% R IR IR, A T S BRI A F R AL A ]
K 2-2 fis .
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ENES LY

il
B 2-2 ARl A AL HE K
B, x() A RGPS FE, w) B R E, w@ I TIA R,
i R FA A R S A IR 1o P P T R, S A 8% € — D A A 26 A
2 A GRS ) B 2 AR AR I, S 4 ST HOIRAS, IR R
BB A VIR 1A B AR 4R P I AT N — IR - IR RS HRS R B A 2 H
Pt S BUE SR, AN BB HUIRAS, R0 E— s

2.5 KENE

ATEEGER 1B SRR E RIS . 2R B EIA LU E
PER AL ST R, FFA 4 1 IR RE RN T R0 A7 2 SR SRR AT S AR i A AL
W, 5 S T B Al
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B3 F ESNSEFMEL—BEEE

LR R 23 2 ] B AR IR A 5 o A UL T 2 8] 3 B AR 55 SEEIL
A 2 TT T PR ] 9 x e SRR 2% AR 5 v R G ) RS PE AT & R
2R, 2R AER - BESAR RIKEN T, (BRI R IR 2y
EVFZ AN BERERFEE S, AWMRREIBE IR, Kk, F2 28 RFH
PL S —BEREMLE &, B ZETH PR E S, BRR GO EE ik
RIEESR, YL RRA o (E A, ARG 1 S AR R LA I AN e 5 O BIR P S i/ 3 £ B
N, AREE R ERGE R G A AEEEE N« SRR A, SR Ak
BEENA R A — SR E e, ARIE A T HPIRSE Bt Sk 2%
SIS PRACE, A A0 s e e A2 AR SR PRI BEAT IS, fE
K AR A 2T 2 TRl B A5 B, #RJF, J8IE Lyapunov J7ik 70 iz A M
Fasetk, UEM T ASCEE REAR S Zeno TN, BeJa, BT EALIGIGIE T A
SCECEESVA AT A, MRSt o An B, A SRR o
PR, AWLNEIE B, Ja SRATT I L SRR R I SRS Y TR SRR A

3.1 RGEHME—HMEREE

NTIER 8, MAS BB EFESREEE, IR0, FESCPRR ] hiEs:
WAEIEE RAVILERN . 52 MAS HAHRHLE AR E A, —SEE R
itk — Bk ik, WA O:

(0= Y a, (1)) - x,6,) G-1)

A, AR TT j BRI 2] ki(f)=argmaxi {65t} -
BEAE R RN 2 o) yve 33, B VR FAE b AT Z1, ZEAH T 5 A fis 2 I
ZI 2 1 oR & R A EZ . S xo=x@), WKW E R E

() =[e,(t)....e, O] =%.(t)—x(t) » TNQ2-4) ] F N x(1) = —Lx(1) = —L(x(1) + e(t)) - FAFAK
2 R] LR IR A -
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fit.e@) e () —ce™ (3-2)
X, f(te ) R THA] ¢ FURFSIRZE e.(0) MREREG >0 o A—DM5HfiE
¥ IEH 2
FEF A — BRI H T, SR REA IR SHIE S I I B SRR . 2
BRR | PRSI R RN — DA BEN, B f(e@)>0, BRER i fillk
—EAE, JEREEHRES, DRSS BB S AR R RE k. RIS R REAK
PRSI ERZRE R 0. ARSI ERZENTBET 0, AR R A H—
BB F AR 2 B AT A

3.2 shiSEH L LE]

ENAS AT A AU A A A A% SE A Al A WL ) itk A2 A 2% A - 8n—
NI SR, 128 T AR AL Al Z RS 5 B R I ) AR
Bt W A AT Eh S . SR FA AR MLHIR L, S F il A LHI £ ORIE
ARG EVERIATEE T, AESE D i i A K

PEESAE Gt 73 A 30— Bk SR A o W LA 18 o 75 2 0 A s e 2 [ gk
AT PREEAT B A UL R R G AN AR AR 5 I ANRRE 1), AR SR T — Mkt
ENASFAFMOR — BUMESRE, I B il 2% AR A BRI AEL R 2, TR BE 23 A U T Y
WA, A A 27T AR i R A Al R 2k AR I AT (5 S A ke

3.2.1 EESEGMEL—HMEE
MR Sh A Sl R LR R B, 8 O TRAR i g N
0 =—%§(&,(0—&-(0)2 >0 (3:3)
JE XN n,() -

ﬁ,m=—w,n,-(o+§i(%qi<z>—ef(r>)+e‘V’ (3-4)
X, ShBZEWIE70)>0; ®itSH e >0; & <[0,1]; Lyapunov H 3 iR £ 1)
BB M o e[0,]): FEHIBH Y <[0,1].
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218 ik MAS, B8 G REFERIN, WINHE%e>1-¢)/0, 240
BT o, BB AIENIE, B RN —0, RS i 10 k1 il
RINZIFHI:

o

fi =max{r:6,(e (1) - RGO ONIE [t 71} (3-5)

rt,

MBS & () KT T 150w I BE R, SRR, AHARET RE 1A
Z AT B A H . Z U LS A EmIN S, EAGFEFEMEE MR
174, Bl Zeno 1T M.
3.2.2 EiARAEMIIERA

1% — Lyapunov & %{:

V(O =53 0K x(0 =3 Sl (0) - FOF (3-6)
ﬁl:'j ’ Kn:In‘(lnlz /7’1), I jl‘j n éﬁiﬁ%ﬁl@, L, =[L1.., l]T o

D3t GRS R REAR B AR M 1 LA (RPIR S R AT 50T, W ECE

V()= Y (0~ FOKO
L H 01X, 6,0~ 5,0) +€,(0) -, ()

3 00-3 34, (e, (0~ O, (1), 0)

(3-7)

n

<=3 0,0-3 30,060 -

>3 4,4 (0-50)°

n

=3 200+ X 3,00

i=1 j=1

MBS R 5% & Lyapunov Ri%L:
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WO=V 0+ 30

—Z q,<t)+i2(e (O)-e(0)) -

i=l j=1

Zw,-n,»(t)+Zf,-<—fqi<z>—ef<z>)+ne‘Vf
(3-8)
—Z (1-0,)g,(t) - an,(t)+z 77,(t)

i

+ne™”

<=0 )LV ()~ 3,0 e
<—k W(t)+ne™ )
K, ke=min{wi-(1-6)/60:1>0;5 o, N max{oi}; kv=min{(1-oma)p2(L).ka}>0;5 p,(L)
AR TR LA/ NRFEAE .
th T lime™ =0, WA P 2 (3-8) AT A4 i+

V(t)<W ()< W (0)e ™ (3-9)
PR 1% SR G W S —F

3.2.3 L& G Zeno 1THIERR
$2 N Rl R EIE B AR SC RS Yk BE 6 8 4 Zeno 1T N .

B AAFLE Zeno 174, KT 2884k 1, }i_)rgt,i:To (T,>0) , 45 |x,(n|<0, X T

[ oS, . ,
Bt 120 imLon s & 4}% " S0, T, FEE N ESSHR, (515

f e[T,—&,,T,],.Vk =R (3-10)
@7 AT D FA

1 &
LSy
%0 —x, 0| < /_n,.g))ez 0 (-11)

U RGBT, B[R - o )|=0, WTMRIA L, T LEH,

—7w+§ t
21—y <N ) (3-12)
/o
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lh ~ M 2 @eéw’%”"“ z@ﬁ(mgm
R+ R 2\/51 2\/51
BIHE N — A A I 200 o), 5 bR I 2 1, 2 [ AE 22 1546 26, » B Zeno 4T

HEBR

=2¢, (3-13)

3.3 RS

33.1 RGMEHES T

RICHE Matlab/Simulink £/ BLE A AR @ W] 2-1 B 5 75 s g8 S b5
PR AT OBt BRI E eI 78, I L 5 4 G oA =X — SO R AT 5t
bbo BRI TEIERT, BT RIS EWIIHE N x=[1234 5], ¢1=0.8,
6:=0.5, 6=0.9, 7(0)=10, ®=0.5, &=1, v=0.01, &EACHEK N 0.001, EHFEH
4s. PFEERNE 3-1 K] 3-2 s

4 \1% 004
2 TG A X5 ﬁﬁ_{%m \

3 - — =

2.9998

1 Il 1 Il Il 1
0 0.5 1 1.5 2 2.5 3 35 4
RAES

B 3-1 SECSE BEXT LL 2%

| X + 5

4
&
_15 ehil
F

s

l

0 0.5 1 1.5 2 25

At 1 w ]u"'

K 3-2 SRIAS STt SR Iy 2519 s i A B %)
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