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Abstract

In order to reasonably allocate the output of various micro-sources in a microgrid and enable more
economical operation, this paper proposes a microgrid scheduling model based on the Levy Flight
Particle Swarm Optimization (LFPSO) algorithm. The model considers power balance and output
constraints of each micro-source, establishing economic and environmental costs as the objective
functions. LFPSO is employed to solve the model. Simulation results demonstrate that LFPSO out-
performs other advanced algorithms in terms of convergence speed and accuracy, effectively reduc-
ing the total operating costs of the microgrid and validating the effectiveness of the proposed algo-
rithm. Additionally, two different control strategies for energy storage devices are implemented for
charge and discharge management to analyze their impact on microgrid optimization scheduling,
ensuring more economical and secure operation of the microgrid.
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1. 5|8

B e R SE LB R AN PR T5 G 1] #2808, 45 /5 R U5 R FH R IR PRI TS G O R ik 75 Al R 1)
Kbt TR MPE N — P i A R R GE, RO XL o) @A A I AR T B BRI
AW HARIEM EET G, 0] AR RRIR BRI TS AR N N, IR S A UK LS AR 0 TR
AT, MR T Re e B RIE AR 1],

B, N AMEE B R R N K 2 B AR OU R FER I 7T, S TR R RBE . H IR
FBCEAHRERSE, WIAT DU I EAT 22, A6 o mi D% o XU P s L D S8 SE NP0, REVER FH RR ik — 2D
. SCHR[2TH AR S B I I 5 e, MR KO R B 5 a1 R0y, DU RS, SRS & H
WA BCEHE, SORH B P TE, SCHR[3THE i B RS 5 i AC/DC i iliAs, FH AR SR
fife, AR B G B BOEAT TR RS . SCHER[4D0 R R R AT S, AR AL 1 B AR R 2L
SO S DR BSOSO R R o STIHR (5128 A A a8 A% B2k SR g i i 9 22 B AR R FE 1) R, R OTVE R 5
LEPN R 54

B REU AL B35 (Particle Swarm Optimization, PSO) [6]/& —FRER G AL SE, HESHD. 5 TsL
Pl 3 SR AR A BLAE D ZR TN . WS AR AU R DI R o SR, R IR R R — ]
171, PSO VIMFER G BN R IG5 BaR @, ASCRH—MEET Levy WATHRFHELAL
HIE(LFPSO), I 5IN Levy YATSRMG, {ERLIEAN @ @R B sy R RIGH, A X0k % 7 5Hik
FANm A . BefE, R EEEINAAR LA SEfr TAR 2B 40E | LFPSO 1A &1tk .

2. LFPSO E3%:ii%it
2.1. PSO E3k
PSO 5@ TR RetiAb T, —HMENR FEEARERAL TR REE — n 4548
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TR I ARET 58§ ART AT A 0 GV X, = (5,000, ) R 0B TR 15—
A SR, = (v, v, 00y, ) B0 SRR T3 LRI O AL B B0 FRBRSOE TS . 58 1 KT
2 T R B BLCA AR RE LR P = (pyy,ppaee-vp, ) » S /MEEUR A EO R LGB A 49
BEE G= (g8, g,) » TERE—2Brt, KT RERTH G K AR DA T WA Iy R

Vi=wV,+¢, *n*(B-X,)+¢,*r,*(G-X,) (1)
X, =X,+V, @
Hor, w ABHERE, o o, PR REL re n N[0, LIZIMBENE. P G 58 MEEAE
A4 Ry B ARAE -
2.2. LFPSO 3%

S8 PSO T B, AEAAAE R RS B N = i ME B D, B 4 R R B /TS R
PR PRIZEE [, ASCH PSO 5 Levy WATHZE G- H LFPSO ik, Levy WAT & MR AT E L KK
BEHLAT ETTIR[ 7] I TIN Levy ®AT, BT HEAEAL R A3 0] P REMS AT B R AU R, DR 7] DA AT
KETRIBRER, MmiBki Rt hit, ZXQBESNIT:

X, =(X,+V,)*(1+Levy(n)) (€))
o
Levy(n)=ax £ XIO- (4)
il
1
oo F(l+ﬂ)xsin(ﬁﬂﬂ/ﬁ) )
F(l—;ﬂjxﬁx2(2j

He: roe[01]: pv BIRMNIESI G n WU a=0.01 )P KET: T Ardkdnsisi.
2.3. BEEMREMI

97K LEPSO filktt, Bk FH IR R U LA, 18K LFPSO [A] At JLAN St AT X b . X b
HiE4 PSO. CSOAOA [8]. GWO [9]F1 NAPSO[10]. Ak LFPSO [T fE, K 5idre 5 ANt sk 2o
BEATIAR, 0K R B S AR B E AN 1 R

Table 1. Standard test functions
= 1. ¥R R

B Ap Bt Fmin
E(x)zi[ixjjz [~100, 100] 0
S\
F(x)= KZ:‘([x,. +05T) [~100, 100] 0
F,(x)= Zixf + random[0,1) [-1.28,1.28] 0
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Bk
F;(x)=0.1{sin2(37rxl)+ > (x, —1)2 [1+sin2(3zz'xl. +1)]
= ) [-50, 50] 0
+(x, 1) [1+sin* (27x, )]} +>u(x,,5,100,4)
i=1
Fs(x):z{msin(ﬂyl)+§(yi -1y’ [1+105in2(7rym)]+(yn —1)2}
i=1
+2 (x,,10,100,4)
¥, =1+’C'T+1 [-50, 50] 0
k(x,—a)" X, >a
u(xi,a,k,m)z 0 —a<x,<a
k(x,—a)" X, <-a

SR FIEAE N R BT B IEAT 30 IRINEE R, 30 IRIE1745 - PIEMean) W 2 PR,
NI SRR, BEEAT 30 IRKAREZE (St idFAEER 2 P,

Table 2. The running results of different algorithms on the test function

2. PRIEZEAEMNKEE LHEITER

Wi LFPSO PSO CSOAOA GWO NAPSO
Ave 6.355E-330 3.23E-112 7.201E-04 6.552E-33 3.252E-229
" Std 5.655E-329 7.320E-111 6.892E—03 5.565E-32 3.554E-202
Ave 4.326E-233 2.535E-102 2.478E-102 3.566E—32 2.804E—208
" Std 4.356E—233 1.475E-101 9.119E-102 7.143E-32 5.780E—223
Ave 4.232E-184 1.712E-108 1.148E-98 2.982E-23 5.623E-163
" Std 4.262E—184 3.906E-106 8.172E-95 3.002E-26 1.439E-155
Ave 7.250E-184 3.426E—100 4.825E-56 7.122E-02 4.293E-147
e Std 6.959E-180 6.352E-100 1.325E-15 2.012E—02 4.523E-120
Ave 7.895E-123 1.450E—104 7.966E-78 1.021E-22 1.622E-99
8 Std 6.978E-105 6.262E-103 2.002E—69 1.855E-23 6.546E—89

B 2 A%, 5 FPEEAEANF I R 2R B A AR Z A7 R % 22 7%« LFPSO fE F1 fl1 F2 b3%
BARSE, FIERN, PR, RHREEAERER . PSO fETE R h R ZE, o
7E F1 M F2 b, “FHEERK. CSOAOA 7E F1 Ml F2 FRIM—f, {H7E F3 FAEIFEI. NAPSO £ F4
FFS ERIELF, GWO 7E F4 FHEVMORHEZE, BonBEIFMRErE. BAkE, LFPSO fELAN K
BRI .

I RZEH T S FhERISh £ . TEWSIOR FEAVRSFE T T, LFPSO £ K% 300~500 kAR LA #iRE
WS B — AR AR B . IX A LFPSO HHiE 28t 1 AR B . MK R B0k ok, LFPSO Lt
Fopth JURP S A S O R R IS B, HA B R A e, T LABUIS SRR A 3e 4 SIS 3.
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Figure 1. Convergence curve of the LFPSO algorithm
[ 1. LFPSO B Rl Lk

3. P IRE
3.1. B¥reR#

AL FEEARDT T & 64K (Photovoltaic, PV). N #AHL(Motoreycle Engine, GS). it LA <42 1. (Micro-
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Turbine, MT). #AELHit(Fuel Cell, FC). X /1 & HHL(Wind Turbine, WT) UL & & Hijti(Storage Battery, BT)
PG SR [ 11]0 A (5 7 SEILE B BOAS B /MU FI IR 58 88 2 B KAk« 205 AR BLFEIRRL 2 12174
PR LS F M A B s PR RS P S IS AT IR 5 G CO2 NOy. SOo)HFTHUK
B H[12]:

F =min(@F, + uF,) (6)
H: FORBIBITRAR;: Fiv F 53 VARG G A ISR B O 7 7 0 2 B bR R A IR 75

AR EH AR, 6. p BUEAEA 0.5,
AR 1. Sk

M=

t=1

min £, (x) = Z{ (Ci,fE,t +C.,. B, ) +CoiaiForias + CBT,IPBT,1:| (N
=

Forbe T R AMEEREM: N A RBENRE: C . C,, 4 B & E IR I R ORI T B 2
Fls P, NS | ORI TN Coye Copy AP BN ¢ IEZIMLAY S5 B OB HE AT TS Py By,
S 5HIA ¢ I 220 5 4 U 58 T T 5 25 e R T [12].

FIFRERL 2: I A

min £, (x) = i(iai (iﬂ,,l)f + BoriaiFeria D ®)

t=1\ i=l =1

Ho: o, N5 RIS RDNNIG LS B, N5 G IRIRINES | RIS EYIHEBCREG P OoReR IR
i IhR: B NERMIE  RITRMOHTREG R, AEHRRESRTH DIZ12],

3.2. AREH
1) hRPELIHR
PR, =Y P AP, ©)
H: PUONtBT B RG s PN BRI RARE s P NSRRI s P

grid
AN 150 KW,
2) BRI LR

NEEMIZ B,

P™ <P <P™ (10)
Hrp: P P™ 3N IR | R DR 1 LR AR IR
3) ol H 5 3 HL 2 A R B R 2 R
Pl <Py <Py (11)
NS PR SN oL N e S N e I S N B P o S I o7 3 SN s e N i s
4) BHIhIsITAR
Pt < Py < P (12)

Horre PRt P AN E AN R RATTR R TIR
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4. B iEsER B NEITRE
4.1. EHBHIEEAEH

F U T 7 R ) 25 It iR o FH A O e —, A R SO R AE F e i B, B s, DR
FHMEET), ST RIS B, X & b AT 7o iR At riae, DU NRYBUE T, X R S i 2k
MR, AR TRERFM R EN.
4.2. EHEBEMZEEG

FOR 12 445 1 (Fuzzy Logic Control, FLC) & TAEE I 7 ik e H F ) 77152 —[13], ASCRAZT7 %
ST R A TR v 5 S ORI TR SR, o) B PRI e R B ) 8 DA SEIN BN (RP) L 5 LT R
RAE(SOC) N, LLE HIIB 7 HL L) #(CP) i, BOBIE 50 RIOC R AN 3 Fm . #U0N SRg i L
ORI«

Table 3. FLC controller input-output
= 3. FLC 1ZHIZRMAN - Mt

BRE S
BUN=¥ B EHRAY
P N
RP + ¢ LTPN
soC + ¢ A
CP + - i 4
1) 24 SOC %=, #7 RP &, & B D% CP oK.
2) 24 SOC B, # RP BUIK, WIEHEIBAEIIF CP K.
3) 24 SOC BAKES, # RP 8IS, IR 5678 FE G I 1) R G780
RORIRLIU 402 4 BT
Table 4. IF-THEN rules
5% 4. IF-THEN $17)
RP/SOC PVS PS PL PVL
PVS NB NM NS 70
PS NM NS Z0 PS
PL NS Z0 PS PM
PVL 70 PS PM PB

Her: RP F1 SOC MR N (PVS (IEFEH /D), PS (IE/M), PL (IEK), PVL (IEJEH K)}: CP BN (NB (fit
K), NM (fi), NS (Fi7h), ZO (%), PS(IE/N), PM (IEEH), PB(IEK)}.

5. BS54

5.1. EHIEREBIE
ASCLL Matlab NG ESF G AR/ 60, 3ERIREL 3000, Grid RoxEM . 15 43P IHERS Eon &
5 N SRR EASEW N % 6 fin. ERH7AE (Load), PARIEIRH AFXEEH Sk 2 Frs.
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Table 5. Treatment costs for pollutants emitted by each distributed power source

F 5. BOHRARIRHBISRINLIEER

HRYER  HREFRHOT/Ke) FC (Kg/kwh) MT (Kg/kwh) DE (Kg/kwh) Grid (Kg/kwh)
CO: 0.088 1.596 1.432 1.078 23
NOx 26.46 0.440 0.030 21.8 3.6
SO 6.237 0.008 0.006 0.454 4.54
Table 6. Optimal operating parameters of each distributed power source
# 6. ERHABBRENMUEITESH
LR DI TIREW) D% ERREKW) IBATMARCT/KWhH) BB (JG/KWh)
PV 0 50 0.0103 -
WT 0 70 0.0450 -
FC 0 65 0.0293 0.2435
MT 0 65 0.0419 0.4090
DE 0 50 0.1258 0.6031
350 T T T T T
300
250
5 200
a
= 150
100
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2:’(‘)0”4:’(‘)0 "6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00"22’:‘00"24:00
Figure 2. Predicted power by Load, PV and WT
2.Load\ PV. WT FUMINZE
R MIFREZATIS, ANEEE RO, I Bk B I R 4% 7 Fos:
Table 7. Electricity purchase and sale prices at different time periods
7. SETERMEFERNNIE
#r#&/7C/KWh
BH W I B P ER AR B
> 10:00~15:00 07:00~09:00 23:00~06:00
19:00~22:00 16:00~18:00
AR 1.56 0.7 0.43
e 1.28 0.54 0.32
DOI: 10.12677/aam.2025.148367 24 82 FH B it e


https://doi.org/10.12677/aam.2025.148367

Wi <5

5.2. RBABRERSH
X g PR 2 AN R A2 ) SR, IR LFPSO Xl A B SR A, 2R 0BT i F -

TR 1. BRI SR
20 HL IR P VSR 4 ) SRS I, P R B2 B A 1] 3 B, LIPSO FE SR 1 v (i Sy

LRt 4 FTow.
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Figure 3. The output of each distributed power source during peak shaving and valley filling control
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Figure 4. The total cost of the system during peak shaving and valley filling control
B 4. BIEEAEH I REER DA
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Figure 5. The output of each micro power supply during fuzzy logic control
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Figure 6. The total cost of the system when controlled by fuzzy logic
6. ERIZEITHIN ARG RBRA
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Zr b2 P57 RN B RIS T R 2 FhaEdI g, DL AR HISRES N, SR LFPSO #
NAPSO. CSOAOA 1 GWO 5§ 5 FhA[A] [ SRR R SR Mo 1< 3 AN 5 43 AN [F) B S8 i LU P i B
THOL. & 4 FIEL 6 43 A SRS T, 5 MRS 25 R A AUAR B RG LR R S sAs, T7
Z NS AE TR A 1514.5 78, T75 2 UM ELE T A E 1466.9 T6. X T ARGERLLEL, MIE 4 A
6 HEMHE H LFPSO Y SIGHE & FIRE AR 2 T NAPSO. CSOAOA Fil GWO. Rk, &R 2>
T, YA R E AT T E B, R TN R AL TR E IS AT . B, 8 Rk
BIERIE B T LFPSO KA &tk

6. &g

AT TR A I IS AT, @SRRI R 482 H AR R, SRAT LFPSO A7 (i Ay
BEATSRAE, S5RAT:

1) &t —MET Levy ®ATRFREIAISIE, WIEFIAN Levy WATHMG, 7ESHRIEAIN M i
S RG], RO % 7 RVEB AN R R . HUa, SRAZEMENSE LFPSO 1A 2tk .

2) A LEPSO S BT Sz il i B RS HEAT SR, SBL 1 R 2 TR R M B R 2t i A F) H AR o

3) JERDN E IS AT R 2 AN E T 30, ATETE 1O R I R e, A OGS B L
BATHIATE R, AR TR R G G AR E KB AT .
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