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Abstract: A two-layer optimization algorithm based on a microgrid load fluctuation suppression strategy is
proposed, aiming to address the uncertainties in renewable energy generation and random load fluctuations. Through the
modeling of operating states of generation devices and power allocation modes, the upper-layer model mainly considers
the micro-resource output power constraints and related constraints on microgrid operations, so as to ensure the
scheduling priorities of generation devices while reducing the operating cost of microgrid. The lower-layer model
minimizes the equivalent load fluctuations in microgrid while using the values predicted by LSTM-Attention neural
network to further constrain the output power of generation devices. The two-layer model is transformed into a
single-layer model by applying the KKT condition, thus reducing the complexity in solving the model. Two different
load scenarios are designed, and the two-layer optimization algorithm is used to perform simulations under the two
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scenarios, respectively. Simulation results show that the pro-
posed algorithm can dynamically adjust the output power of
generation devices and improve the consumption proportion of
renewable energy. In addition, it can change the microgrid’s
operating state according to different load scenarios and thus
mitigate the impact of load fluctuations on microgrid opera-
tions.

Keywor ds: Microgrid; two-layer optimization algorithm;



5544

XUk, 45 HET KKT AR G 5 sim s SUZ 050k 221

LSTM-Attention; KKT condition; load fluctuation

AR Tk A Pt & Je 5| & 1 i BT AR A I RE R
oK, AR R Bl AL SR IR 25 70 & ok
JEASRELAR K FEXTRETRINELR o Ry 1 L% BE I AN ER
Belg iR g phak, SHREekE . R IRER I
B EE HR. B, BRTEERRE
DAAT FRAE RRIE O AT AL AR IR R 40, DM ST
BER T A2 AT P A VR AL 0 e 3ok PR ol
HAFRBAR, R T ax —m 8, [ NAEEA
P TR s AT 2 R I R R G R AR
REVRITRI I RE R G 5 Z WA, A8 el 1
A RETR R

AR K ELAELERERLE | TR]EIH: R 1 25 S ke
R R AT BE X H R o AR R R e, EL
5 L 8 B R SR Pk K o T T A 2k 8 S RN
AT HEAE BEIR & HL AT B T4 e e A RS e M
ATz . CHR[3]R A K-means FZE55: 0 H
FRIGAR H il B R AR , 38 3 R S >k i
DGO i H 2h 28 SCBR[4THR T 1 FBE T 425 2R
FAICHIEEA A 4% GRU-RNN(gated recurrent unit-
recurrent neural network), fHEMEXTHLAR G FlI L AL
Sy e AT P00 5 SCHR[S 15 4R L S A B % iy 52 171
HEAEIA T, TESLIER L2855 2 Mg 1)
ey L RS TR SRR 25 2R

HHI, 18 2578 X W oA il 7 ik itk A7
THIFE SCHRO1H2 R 1 1 i e R 30 v IO 040 43
A 2CRE IR B2 PG Ak R AR A 5 SCBR[71R H]
K042 LSTM(long short-term memory )1 2 ]
2800 AT AR BRI A TR A TR, BETE BB R
4t CPS(cyber-physical systems)flfl ¥ (5 B &R
4t CPSS(cyber-physical-social systems )% 4414 & b
PURARBRY , X WA T T4k s SCHRISTHE
11 b AT A R R RN A Y e A
#5t, KRR RH(rolling horizon)3RHE X} ik
PO T AT IR 5 SCBR[OTH T 1 A7 7519 s A
FEVERT, A2 AL 20 & n) RE A PR o B 3y -
PEHLAL A A RRL; SCER1014%H T 1 A FINE 3
L R GUR S R B R e R S, R

& BRI BRPL R 1S IGDT (information gap decision
theory )4 FRAHHL W b (AN 2 1 )t

XL BRI, SR A AR SE 2 T LIS 3 —
PEACRCRT (AT AR B 5, TR
BRI H AR R B AT, DI A2 52 PRYg)
SEEOR o SRS R0y U0 T Ab B rh
AN PR ) L, 3 R FH PR B B 5 i I A R ABE AR R
10 TR B R AR 4 2 N B
SO, 5 2 BB B LA IR RTE I 72 55 JEER 1 By
B AT G B, ATRERECE 2 BBy i iiie
IR R, R ] BRI AT P
PRk, MR LR R . SRIDBUZ LA BA
BRI RV, REASHUE A R A 8 AN R Ak
HERFZIR, HBUZ LA R [R5 S 5B )
PR PR AT SR IR A RE L, RN R Stz
ATHYERN I, A S s T A e/ Mb, B SE
M4 Rl

BT UL EBESE, ASCHR M 1 Rl i 67 far g
B ZACTE L, FETF LSTM-Attention 145 ]
28 1) T B Al Ko S PRz AT B s X iR B s TR
L TRRRYI B S K (1 N B U B R ikl D) B I
WEHEAT AT, BT MRS AT Y I B SR, AR AR
TR AE AT B il X R 38 UM A SUZ A
BAY, Horp b RS TR BRSO (A AH B4R 6 A8
i, MITEN A, M KKT SRR AUz 15
RIS SRR, AR AT A, B
LRI IS MM & 5ris 1T, JF Bl LA
AR AT AR I B72 i Bl SR s o B, S
S SR AT A T 5 ELRAIE

1 ETF LSTM-Attention #2Z M4& 1Y
T E %

DGR K v 8 A7 A 114 20 2855 P i P i) 2 B 14
ETE S eEs s e < BN IS W W R e I VA E)
PR AR A I TR) PR SRR, )38 I 7 i 7 I
R TIE



222 i, b

Eie 9503 %

s

LSTM #1228 R 28 A= R 2111 22 M 2% RNIN(recu-
rrent neural network )RR, k7K T RNN £
PIRER T REE, fRDE T RNN B L fad #rp
FIRE A YRR EE VA A 01, Bz 1o T ]y 471
TN 45kl JITAESR, Attention HLHITE 5 AL PE b #E
BRV-3i5 5y A iBux VYN YN i fibe =oALk |
REfe IRAT H AR T ZREE A0y, 90 A JT H
HE.

LSTM ida [ THLHME e 4R, LSTM 4 fiE
RN 1(a)Fi7s o YT 4Ok B R — 20
AR C, | FIBREUZ b, | BdE, @i C
ok, WE B IO MIRES C,, SRE T 2R
TERSI)Z b, TRYRHIE . iy, Gl b, 47
BUHAEHAT S, LSTM HHRAKN

f.= oW, [h_.x]+b)
i, =0 -[h,,x,]1+B)

C, = tanh(W, -[h,_,,x,]+b.)
C,=f-C_+i-C,
o,=c(W, [h,x]+b,)
h,=o0,-tanh C,

AP N5 e METTh BT TR E S o 8
SO BREG W, b AN R AT R
x, W e MATTIEAIE; i, A5 e DIZITH
AT RIS W, b A SIS TRCE | i
Wil COMBREICIZN; W, b AM AL
NPIALEE | I B o, NH e MIZ TP ]
RORTHE: W, b, AN TR | R
h, JE e A EE TGRSR il EL

(1)

RT3

(a) LSTMAI145#4

(b) AttentionZ {4

B 1 LSTM #RaZEHF0 Attention HLiH 2544
Fig. 1LSTM cell structure and Attention mechanism structure

TER I WURIA TR 1 A0 3 g i 48— A 2
(Encoder-Decoder) 25t R4, 122 TIHL
HZERIANE 1(b) iR A AJTHN i il X 45 A5 5
FHIERRIR , AR & AR i A FHR RS A it
TR LA R B OAGE, BRI AN
FRAESR, MRERERIME, TR EVEN AR
A, RS, IR AR

a, = Softmax(Sim,)= M

D exp(Sim )

@
Sim, = Score(H, |, h,) = H, \Wh,

L\
Cy = Z ah,
i=1

H,=f(H,_,y..C)

L o W | AN E RN Sim, R
55 i BRI R A LOAEHRIF IR A,
AR ER | A BEUE R L A A ARAD AR | A
B A W e BRG C R | AN
PN IEY 8

LSTM AR AU (14 Ja B A 45 553 M i A3 81 A=
S ] ) o et S TG U B AR G T
JIHLS LSTM AHZE & 345 1 U 8] 90 £ 8
SERRFAE A RE ST, 3 B BRI T P
KL, B3 T R SR ERE ) R s g >
SR FH ) LSTM-Attention 125 [0 28 45 A5 T[] 2
Fi7R



544

XUk, 45 HET KKT AR G 5 sim s SUZ 050k 223

2EER

2 AR LSTM-Attention #22 M 4K 4543
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in this paper
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Fig. 9 Calculation results of two-layer optimization
algorithm before and after implementation of load
fluctuation suppression strategy under Scenario 1
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