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Online optimal scheduling of a microgrid based on deep reinforcement
learning

JI Ying, WANG Jian-hui'
(College of Information Science and Engineering, Northeastern University, Shenyang 110004, China)

Abstract: This paper proposes an online scheduling strategy based on deep reinforcement learning (DRL). To overcome
the challenges in economic and safe operation of microgrids posed by uncertain renewable energy resources and complex
power flow constraints, in this paper, we formulate the microgrid online scheduling problem as a constrained Markov
decision process (CMDP) with the objective of operating cost minimization while considering the constraints on the
operating states and scheduling actions. To avoid solving complicated nonlinear optimal power flow and reduce the
dependency on accurate forecasting information and system model, we design a convolutional neural network (CNN)
architecture to learn the optimal scheduling policy. The neural network can extract high-quality features from the original
observation data of the microgrid and directly make scheduling decisions based on the extracted features. To ensure the
satisfaction of complex power flow constraints, we propose a novel DRL algorithm by combining the Lagrange multiplier
method and the soft actor-critic algorithm to train the neural network. To verify the effectiveness of the proposed approach,
we use real-world power system data to perform simulation studies. Simulation results demonstrate that the proposed
online scheduling optimization approach can effectively learn a cost-effective scheduling strategy that satisfies power flow
constraints, mitigating the effect of randomness on microgrids.
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G, ARG 40K B FUZ 3 I RHE S AR N
At FEL K] P4 2 SRR A
BT 1% AR 285 B R Ak oL IR I 2 AR, K L

fifi e 4 HT e HOIRES & 9%, 5 & I 5 B 24 v
N, R — AN A B 28 X 28 U AU S A SR s AR R
. Tl e D R R e ) A A 5 1, R
e T SRS R, B g (alse) ~ N (ug|Xp). BT L
P4 28 30 ALL L R RIS g, AARHE 22 50, HLRIA A
(g, Do) = W - f1(se) + By
fP(se)=ReLUW, - f? [(s)+B), 1=1,2,...,L
f5 (s0) = s (29)
Heb WP, BY N Z M % AR 251, ReLU
4 Rectified Linear Units #5545 0T E B8 28, 2R
FA—/N55 3K (29) 25 F AR ) 1) 4 T e 48 P 245 13047 1
Bk, AT A I E BR B R TR A [V (81), Vi, (81)], Fo o
NIZAE ML IS5 b, R 7 — N 55(29) 45
FAI AR 70 ) 4 3 4 4 DX 4% 0 ABCHR 25 - h R 1 R 4L, 1%
28 I 245 BT i N R 3R 8 2 REAE S5 B0 A @ B IR
) i, Ko~

[Qo(st;ar), Qo.c(s1,a0)] = WY - f1(s1,a1) + BY;

[ (st,a0) = ReLU (WY - f{ (51, a0) + BY),

1=1,2,...,L, fl(s¢,as) = [51, 4] (30)
KWl B R ZE AN IR E S

Vi (s) R Vi o (s¢) 43 5l R 56 T 2 Jily R By (s,

az) GIEA Y TR ce(se, ay) (I AUME bR 2. 1% 35 AUME BR
Hp 22 X 45 mT DU I S /M fn R iz 7 AT U

Jv () =
~Es,p| (Vo (5t) = Bayor, [Qo,0 (¢, ar)])*+

1

2

(Vip(81) = Eaynm, [Qo (515 ar) — log mg (ar]s,)])?].
(1)

HA: D NG TR M, 7y (ay]s,) F5E T 48 0 4%

) SRS B HL, o N % SRR I 45 1K 25, Qo (se, ar)
QO,C(Shat)%%Uﬁ%?%%@%&n(sbat)*”%];ﬁ[%l
K cy(se, a) FIITALIRZS- 31 (5 & HL

RS- R B 46 G o e M AN T DR 205
72V 77 AT Ik

Jo(0) =

%E(Stvat)NDKQQ,C(St’ a) — Qo(se, ar))>+

(Qo(s0, ar) — Q(s1,ar))?], (32)
Qc(s1,a0) = ci(s1,a0) +VBs,  mp[Vipc(s1)], (33)
Q(seya1) = 14(s0,a0) + VEspsimp[Vp(se)]. (34

e (s, ar) N A0) 8 LI REL, ¢ (54, a0) N
3 (13) 78 LA AR BUA.
TE VIR AS-B VE AR oF BN 25 ), SR 53 — A
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SR I 2 e, R A% B H R BN 43 3008 I f/
ORI H bR R AT I 5

Jx(6,X) = Dict(mo(-[s:) exp(Qo(s::-))

‘eXPO‘QG,C(Sta )= Ad)).
(35)
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HL R 22 G B 37 3 > 0 A U ELILZL (DG 24 HL it fis
BE 3AOBIRA B BT, 2N Ry K R BILAI = B
RPN SARANA T T A B, AR LA B 42909 10 KWL

Tkt FEL PR 55 K HL PR 2 (i) P 28 8 T 2R 1 FR 9 SO0 kVA,
R LA RIS AT S HH R 1 45 H, LR BEAE 2 WX
R [14].

*1 WEMFSHALERENETEH

oo HUMEFEP,  HWHELRP, T h al b o
0kW 30 kW 37.5kVA 0.0001$/kW2h  0.0757$/kWh  0.4712$/h
HIhE FIR P? HIhE LR P WA S, a2 b2 3
bG2 0kW 50 kW 62.5kVA 0.0001$/kW2h  0.0516$/kWh  0.5011$/h
BNWEFMPS  HIE LR P W wE S o b o
bG3 0kW 40KW 50 kVA 0.0001$/kW?h  0.0624$/kWh  0.4615$/h
HRATFMS0C!  WHRE LIRS  BAR/MANED.  mAcEn,  BBACE L, -
"
fikfe 1 0.1 1 60 kW 0.98 0.98 -
THHRAE FIRSoC?  #HURA B SoC”  BARMEINEP.  FrdE 2, TR 02, -
"
fikie 2 0.1 1 60 kW 0.98 0.98 -

Xt T BT S A 22 I 2%, B2 LIRS N
1x24x 128, R E 2 YEE N1 x 12x 64, BRZ 311
YERENL x 1 x 64. SRME 2 W 2 FIE bR B0 28 W 2%
(2L FE 9 (64, 64), RS- E EL oF Kl 22 I 25 1) 4 i
4 (128, 128). % T BT Basl =, K F ReLU #1228 7T,
R B A S E R 2 TR, AR ST SEERAE
python ¥35% #1128 17, K Fi] TensorFlow 2.2.0 $h47 1 £ ¥
231125, 15 5.8 N 8-core i7-6700K CPU.

F2 ETLSACEZEMMBMELZBAERESH
ZH LIE

WENK T 24

Batch size 256
AWIRAE 0

wESH o 0.02
PrE T~ 0.995
AREDEHTd le-3
HFME M 4K E R S5 5e-3
IRAS-BMEEM 4P K ag le-3
(M ZEIERBK ay 5e-4
Hmg W2 A K o le-3
NERBK an 5e-4
200 [E b 50000

3.2 JILEFNRE

AR 3 E 0 HL ) 22 48 CASIONS B s iz
AT A KA PT A R VR A L AP ARr A LA AN B
SE M, B FH 2018 £ ~2019 5= CASIO [ 6tk . K £t
Aot FHEEL AR B AE S I SR %) T H A 428 ) 28 A 7Y
AT VN Z5. AEBLRYN ZREE 5, B2 2020 4 R 1E 4
I3 T I 25 PR A R 3 AT DR, D (i 3 A T
AR BRI BRI M H B K R X T LAY S D SE AR
] 80 %.
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A FE AT DA AR I — ANV A B O R 1) R, AN T
F HBUA AL T HAR AT R AR
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1): B 5 Ak R O P B AL e T LA o A S 000, - 36 1
56 35 MR TR J2. SR o A0 1 18 82 e 5. S 2): SR
T 2 T A0 7R 2 AR Ak ) e S B U B R R AR SR X
FLT 5 2 i A IEZS 73 A1 NC(0, 0.12), fRAL T 14 6 h.
T 3): SR FH AR 119 5% 2 SR s, BIVAS 25 58 22 T A SRS
AR 2, AL BAT — DALk, PR SR W TE v 7 o
I FEI it B SR B ol b T PR A

3JEIR T AR Y LSAC Sy 78 B8 48l 4 id 2
Hh i 2 o il 2. B 3(a) BT, 7R 220 29 20 000 A4
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. IR R BH, 75 2% F& DCHATUIE 5 N, Frdt vk vl Ll
T T B AT AT R Ak R TR 1 R SR 53 4, el PR 3(b) TIT
UL, BE & ISR EAT, 22 ah th 2 bt i, FE 2 4
250001~ episodes Il 25 J5 A —230 Z TS E] —170 /2
A IX Bl hgh 5 2 W, LSAC S92 m] DL i B4 2
S 2 A O B SR . B LR VIR S A, Y R
128 ) 23 A5 T B AR AR ol P D) ) S B RS 7 A A
LR, B3(c) LU T i He AE 4 R FE s 5
fihy 3 Aot b S mg A2 R4 B 1) BRUB AT LA, AT LR
H, 5 TR AR SR VR ) TN 47 I AH B, LSAC 5V e 3R
AR RS AT A, H #5825 BT i
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H

?t(st,at) = Tt(St,at) + w X ct(st,at). (36)
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BRI, BT g o 20 SR 3 K 43 5 R s 24
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A D [ R A B AR BRI, X e g IR R
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T T G 1R AR PR AN B . A, 7E TR AIE AC
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R AR PRI FE 2R 1 SR

NI UE BT H 7V A Rk i B AR
(F£ 366 ) A7 far B2 1R 2 %, 6 BT AR T 7 92 3R AE 1
VAR 25 B AT A, S J AR 1 T [R) B PR i H TR
JI4E B0 B R FE DS ER L S(a) A (c) AT AL, 24K HEL )
W (B 15 ~ 20 /N 40 ~ 44 /N, 20 A R F
HLAA T 2R 358 T, Gl me DX AR i D ) L ik s 24 K
HAL DX FL A B AR R (0 0 ~ 5 /NEE L 22 ~ 33 /1N, 43 A
TR LML H T 22 6D, R T MK HEL TR D0 i, = A
X 1. 3K e B BT A O R O ] DAAR 5 E AN O
Bl YR o3 AT O LI H D2, AT A B H 1 in R
P50/ IR HEL DX g F i, DA B AR IZ AT BCAR. 1] 5(d) Fi
() JE7 T Ak BE 1 ANAH BE 2 (1 78/750 v 8 32 45 5. ] DA
B L TE 16 ~ 21 /NiS H1 18], it 8 1 R0 i B 2 7] B i Ff
A IR (SoC) s FEAIS, I8 21 /NS 72 45 BI3E SoC
PR B . 1% H 7R k3 1), AT R AR BE YR R T
T F D (B 5(b)), T B E 9 747 R R FRL X E AR AT R A
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(13 ~ 16 7N I ) Fi e AR A IS T 0.95. {E #5345 Hh,
T H 1R BE 5 R SRR 0 I 24 i R I8 AT IR A )
S PRI PE LR P DR, 58 A 5 B T P A R YR K 6 A
0 TS B B R DX R R . X e BLER T
FIT i H R BE 5 o0t o] P AR Re R B BE AL B B — e



1684 ¥ % 5 & K %37%
1, BT DU RE R AR AR R P ) 38 4T AR, 32 151 SR S AR A (3], A6 FE R 2 224, 2020, 43(1):
HL X 33 47 FR 4 B P RN 22 4 28-34.

4 & ®

ASCHEM T — P T IR B s AL 2 ) B T R A
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