Vol. 46 No. 3 Feb. 10,2022

DOI: 10. 7500/ AEPS20201011005

ETREHRE QW E X R HE M EE S & =R MK

LEXR', K m', X@E#L’, +tRE? K

_E: 1
N
(1. W Tl K25 B TR, WA bu i 310023; 2. Wil KBS T R%b,

e, WL BN T 310007)

WME: MAARALAMERN PHEERRBREG, LA 0B A0 R hionr THAME NG
BFBAAWRT K, EMEZEFAEAE S HERZEEEMRHEETHMELEHHER
Mk, ERFFTT,UPREGA IO A R TR F O RERF T ok, ARt RS
M RACIEAT P, Bk, R G R Kok R AR APl R ACIE AT R AT AR, R e R
HARABAF BB ALY RS A AL SR E D, FERRA RS, LR, 4480 Nt M Ab 2 W 2% xF R
MR ERE M EL R TRARIBRYART EREHB T, Ao, 3B 0UER
BB QW% Ak, @it FBKREHBORAE AL —BEE QM %Ik QRN , % F31

SRR SGR A . BB, R IAE T BT RAR R Fo STk 09 7 RO
KR LRAE,; RATHESR;, RERLFT; Nt HAEMNL; WREHRZ QML

0 3l&F

Wt 5 AT AR R R A R B S R AR 5 ) A
KB N AR T MBERAWRE S, IR IR
GLl e MATH B TR T H . ZAREHRER R
FR 2, 6 AR A5 0 A S RE IR Y ) B S W 5 T D 9 B
TR B0 ] R AR T IRE S A er 3k e AR H T AN B 2
P AT I 2 A R OGR4 F O A
[ia)

TE B X AN B 1 P DR 3R S A RS A T 1 A R 2
Z W WF TR o A0 E P R D5 T, F R R R
J7 i T B A REALRE Y ORI R | DX ) RO R AL 2
R (e AL R Ty T, SOk 1-2 ) E B9
A 485 28 D't I 5 R 1140 ABE 5 BE R K, HLABLS RO 2 IR
T B o3 A e B RY Bh 2 o A X JE] KR Y 7 T
SCHR L3151 A D[R] KR il 38 AN o 7 PR 4R A, Wk A
Ui A5 AR B KU AR T R G AT A TR EAL
S YRR Ty T, SCHRL 4 DR A 2 1 1 ) 8 A 2R A
e Gt 7 A DG A TR, T P A d /N XU 55 e R Ak
ZPF AR Z 1A U Al o R T SR i S B E
LA AR T A 38 TR 4 B O R s R B
UIERE RSB RN iR O S i (A RSy I 1 W )
IR AR M LR AR % S AR L A

WAS B . 2020-10-10; 4= 8 . 2021-01-19 .

LR B8 2021-04-23,

R BARAFAEALFTRA(51777193); A £ a K45 4
4oy AR AR R A R 4 B (U1910216) .

14

R 4 Jmy e A A, TR S AR A B8 0k — i RE I AR
Ko FEMHT ST L X OB & oL s S R o
e BRI AR & F T BT T R R o 0 RO SR
R SR A

TR FE S Ak 2 ) il ik 5 IR0 52 B R AR o AT L A
W B O s O S B SR PSR B B R AR £
TR B 5 Al 27 ) B IR A O T ) Rt oe b
SCERL 1L )R FE Q M 25 (deep Q network, DQN)
S RN SO 12 ] U B2 Q M 45 (double deep Q
network, DDQN) 37 52 8L 1 e o 1) i R 22 il A 4L
DDQN 53 i S 7 DQN B3 i Q B 8% =5 Al 19 1)
A, SCHRL 13 1) X 0 R B2 Q M 2% (dueling deep Q
network, dueling-DQN ) B8 7 fiff £ 5 K ) meg i 7] 82
dueling-DQN 57 12 X DQN 53 1 0 £ 45 #4) 1 47 el itk
Py TRIRNES E R . SCHERL 14 1R N TR BE A M R e
T JBE B VR A 1 2 B A 5 TB) b AT A ST S B
REVR A B . IR Ak~ o) S AR B T 3R AR 5 R 5
AEH ARG L — b E RS R o B, g T A4 2] B
B RN EZ LR ARES B W BELE . I
B ot 2 ) 4% 2 R ARE SR AR ko DL B ik 22 T
2 SumAb s MRS A G oL R TR AN AR 2] 3R
Bi i sh 784k, IF B3 H JR W] R o S o 7R v AN
B TRE WAL B . 55 R i o A
D5 AR P TR BEE 2 2 T v AT L bl 0 AR A H
BN E M . IR 55 L T TR R
VI 20 I 4 AR A E M A L, DL B e
P 2 TRT LS AR R R T SR A M SRR A A R



Shy 4 THT B TR0 A L, PR BE B A B R AR 0 1
ANH R E

TE LR 5T, A SCH OB BE I B Q M 4%
(double deep expected Q network, DDEQN) % ¥ ,
R ST B SR B P D) B ML 2 5 O ) A T R AR
18 By DU i 3o i 225 10X 28 X6k i Ak 2 > v A 0 1) 24 2T 3A
S5 AR B, T A AL DNQ AR 1 i Q i = AR HE I,
PR T 2 R I SR

T ETIMHHTHEMBHNERLBEBH D
o

1.1 DRt H e 42  4%
DU 7 22 ) 24 LA R R R M SR 2 454, T L
R A 35 /0N 1) i 1 75 30 A R A e 1 0 ABE Y [ T
HCME )2 P 28 JT AR 5 I B IR N — 8 1A 2R 43
A, (B T IR AN o PR Y e
DLt 2 X 26 0T AR Sk S5 PF o A A Y X
Y F1 W 3 51 3% 7 fi 28 245 A A L T i R A R
D) DT i 17 4 3 g i B AT AR
(W)p(YIX, W)
p(YIX)
Kip(W )R WHERRBSE  p(YIX, W) WA ES
BWHXT YRS p(YIX )N E
X T Y IR
BT A A OO, B p(YIX) 02 85, B ik DLt
W W g i 1 mT X (2) ik, BVRIH 45 8 =
BOR B 09 BE R A0 p(YIX, W) KT )5 86 HE %
pP(WIX, Y ).
(WX, Y )ocp(W) p(YIX, W) (2)
DL bt 25 9 28 ) R — A28 87 B0 43 A, 4
PR B L(p, o), R A AE 43 46 W7 9 5 3 ok a8 i
p(WIX, Y ), Horfr,  Fl o Ay i 25 ) 24 75 2 BT I R 11
SR B AR T DL B A e R 4% 0 5 AR I 2k
k.
1.2 RRKREBH AN
BT DU T b 8 I % B O ARt g TR 7 X
Z PP e R &R AT 3B o
DYt &
S HE 5 0 B R S B AR O e I
Stk J1 R KA
Pwy = ¢Dy (3)
o Poy ROGAR L T 5 ¢ OGRS SR 2 s D oy
CAR B S ST AR 5 RO L B 4803
FH A ST ) U R i 8 I 24 P ) B B ) R AR AR
T — Bt B 9 't R A 559 i B85 R BE B[] 0 i 6 AR 8 )

p(WX, Y )="2

“~e
lindg

B R,

48

R TR R S B QIR 4% B 1k ) AL 19U E Lk A SR

FARL, LA AR 6 AR T 00 455 250 1) 5 2 B A )11 5 0 38,
W SR B s .

2)Fpe s &R

T 2P 5 i R 248 T B B ) G ER
A R V) B L R A R Y R R XU A L ] A T s
PG/ AR RO NN I = B o g a5
AE W B ARG 5 6 IR T A B R b R B DA e
FHE AR 0 5 OCFR o SR)E X Ty 58 o8 1) 2%
2 AR BURE B () RSk R R 5 R
TR e, Bl RESEEMAZEL
R AF B S B AR 2 A R A Y A 2 i R I
SRR B[] DR UE T R AR B S8 Bk

3) % & MR A IR R

28 J P ) PR 2R 48 T A 55 1) TR Y XE AR HE
FEA R LN 5 g RE B 2 A R I A5 A A
— k220 8 1 7 5O A DL I B e ) % v s A £
BF B A B EE TUAY . IS BRI T 428
PR 2 A 3l R LT SR P 1 0 5 I 46 45 4 3 DL g
b 2 I 45 F0 SR T i R

2 KEER

2.1 REBUZIHMIA

9 Ak 2% 2 ) AT D) AR Sy B R AT O e SR ) AR
R RRKESTBRFEFEZLES AN TR
<S,R,A,P,y>. i, S aE AR B i A IR
SRS A NIRRT AIENES R
F R BEIRAEARAS s B R BB AE a 1R ] 25 2 RE A 1) 2
Jih G s P oA Ey 7R AT SR D3R i AR IR S e A
BDFERAS s B REUEIE a $5 8] F — R " LR, AT
FRHA P, sy WERRT —IRE 5 Y AR A A0 5
(1) 6 ol A 1 o

s k2% > 2 A A (6 oR B8Ok PPAG sl VR e 5 1 A0
AN FURSEZ S DB N AR TRV A= ke e et B =4
Do g . Ak > h QA S BIER Rz L 2
M ERETRE s, R et 2L M (4), £
NAE a ARV r (s, a), 3 AR s TG AR =0 (5) 5T
BFRE s THIMErREL g0 (5, a)0

1—¢ a= argmax q,(s,a)
r(s,a)= e (4)

€ a7 argmax q,(s,a)
a€A

qo(s,a):r(s,a)+yr(pg(qo(s',a’) (5)

Hrf e HIEBRMER ;o IR S W3 1E
A A Q 2 ) B R ) HE R T TR R TR B
fh2p 2 8% )z W 5 N, BPaE a R B R 2R ) 4% ok
A N ACRES B QERI B X R . Flan, DQN

http : //www.aeps-info.com 15



2022, 46(3)

AT &5 U AL K 5 258 22 T4 2 A9 2 3
ERASTEHIE DL AR AT A R, T R B i 22 I 45 14 9
Yo MW SIS, T RLER R R LAY
QfH -

7 DQN Bk b 2k ACJE 9 Q(H 1 78 8 & Al
DDQN 5 ik i — 20 £ 1 A o2 o A A 1 Q W
4 B bR QM 45k A S E MBS H b QEIT
BT QM 5 H bR QM 4% 02 2445 14 A [FH 58
ST A & BRG R DL SBR[ 14 ]

2.2 WHEMNEEEEEDR

T FL ) i A5 B 9 T P R A L TS B R R A
AT A S 5 R B R R SR 4 A . AR SO ER A 5T
FE TR B v Ak 2= 2T Y B I BE AL O B ) AR 5 OR
fife , LA 75 i it g R G AVE I T #E 8 8 . xF T &
HAth W] 45 B 25 10 3 e, AT FE A SO R Y Ll 1 el
AR Hy )R AT R PR L B s AR 4R SR AT

DL H 1z 17 A S A R B A pR 5082 BRI X 1Y RE
W IRES o H Iz AT WA Ry B S N H A
e RGBT A Z M, FRIEA R

min i(cb,,\x,l' — ol + 1) (6)

P T o B BRI o, B T S E R AL
PR o, > 0K R N E /I, 2 2 R 3
HL I B HL s e, BT ey, 0 S0 R 7 R BE 2 DA 32 L T R L 17
M k% i 1) 32 E P R AN A s o T BE AR BE R ALY
BAT A |- [N BUEIB R

[Fi) B, 30 75 3 2 0 T Bl e WS AT 2 R

1)y 3Pl 2 o

x,— P, + P, — Pps, = 0 (7)

K Py AT BE ORI K L T 5 Prss, J I BE ¢
fERE ML I R, P, > O RRIERER G A,
ZFRRAEBE RGO Py, I B it T

2)HRE RGBT AR

Buin <L < P (8)
0<< P4, << Py (9)
0<P,, <P, (10)

Py Py, =0 (11)

P(IS/
Bii=p+ 9P At — —"L Az (12)

7](1

e B, A % B 2R G A I B o B9 FER S 5 B i B B
390 h il BE R Ay AR S SR VR B9 R /M R B R AH 5
P, H Py, 53 530 h BE BE 26 BE 2 S8 B9 58 VAL 2 R
7 Fl g 53 B R K RE R G0 78 A AL s Py B Py 53
0l A it BE AR G838 I H D) R B e R 5 Az A AL AR
B lal b

16

- AR -

20k I8 28 G0 75 iy A4 1 8 AR S L, R 4K IR
JiE ok B v S SR AR AR I B R AR B
AR 2 0 i BE 2 G 4 A i 0T A 840 AR A A e i
FrV Al e A B AR RE IR . & A RE R Stis
A I B B R RS O A UL B 2 i RE AR G Y 38 AT AR
ESLAW R

T, /1|P1:55,z‘ (13)
3) A B 3 N H R A 2 R
ﬁozﬁ (14)

2 B o i BE 2R 48 A 18 B2 J) 301 R 1) 4y HLAR 255 B0 A
il BE 28 48 £ I 12 J& 391 0T iy 1) e R AR S

AR SCASE R T 15 /N L Bl e P i A R 18 [
— SR T F, P 57 22 AL BRI, DRI AT
IR 2R . B TR IR 0 AN s AR
IR [ b ok BN A 9T B, A L B4 BE BIL G A A
BN (15) s R 26 s (8) — (14 ).

T
min E Z}(Ch/bﬂ+ —co|l— x|+ 1) (15)

A EC) e B2 R 8
2.3 ETERAXRRRMESEERE

R PR B 5 A 2 > B 10 SR ik 22 % o] A U I
e N (15) @A B /R AT R P 3R i 2 o

DR %S ]

RS RO AT UL A5 A IR A A (R R
FIER G = (N A BT R B DUORIE &R
GERy T o BE T, I B 2 R A N 2% A A AR
I v £t i 2R G 14 A FEIR A L SR 7 ey 2RSSR AR
AR — i BOGAR 1y i miAE . SR o BA
ANH RE A SO AR TR — I Bt g iy DL S
Pl 25 160 4% i 113 A ABE 38 0 AT RO o R, I B AR
A2 E 0, A RN

-QP:{BHPPV,/,PL,/} (16)

2) g =3 )

SR RD AT 8 AR B FEAS SO A S it g
F G0 76 0 H A T SE S H Y Sl R PR IIE R S
RN RIS TR S N e A T PO N P S A (S |
DAORTE G5 F, 0 PN 3508 B 2 - £, ALk, TR A0U7E sl A rh
AN = i (Rl T I B NS B e 5 )
EETDAS

3) % Jih

TEGE 9 A 27 ) b R Ak B AR B 55 Sk 5 Jil e
FRE B R Y RB R

7= Cpw.. T Css.. (17)
Az cpw, I B ) T HL BB LAl 5 e, I B2
it e R GE s AT %



Cg.t ™ Ch,: Cot + Ch,1

Cow,: — 2 ‘Iz|7 2 X, (18)

it e R G W il 46 Has 17 AR fit 5 is 174
RAAETT . iBAAERSTE N T IR IE R Geis 17 i i 2 A
N IBAT 2R o AR SO ) i AR 3 32 A X 24
oy, Bisfr A HR () f(14) . XFFX (K E
BRI v, kR -

v, = — 0|Pgss.| (19)
Ao AR A B AR
TEMT B ¢, i RS B FRIE AR

AL B — P (20)
Aﬂ>lgliﬂmin (21)
P -+
AB = n|Pss. | At + ‘ —% Ar o (22)
d

2 - AR A il BE R 5 o AR A A AR fE 3

XTI (14) , IR B 66 BE 22 ORS00 46
REAFER, BCE— DB RMETME .

gi BRIk B2 BE AR G0 a8 4T R il i R 0K
SR

CIZSS,/:U/+Tz (23)
XAE A9 B T I N B 205 R O
R=SVr 4T (24)

4) R R R AT %

IR 0] R PSR o B rh, A 0 R0 X R ok 2 b 1
KB AT A A U E (0.9, FEARAE s T ik
BohfE ala B EPRE S WRIER16) A IR S
R, R (12) K15, P, W E R H I,
RS R MR 0T KIR N Py, AR i
3 KBEE
3.1 DDEQN & X[FIE

JC A (1 5 b2 ) SR AR R R B R S MR B 22 L
RAG R —[EE RSB I R, 20 T 22 2 R
RS BENLI S, Mamfb2F ) RS 2 £
BN A I, 20 TR 2 1) B ML A B8 2 5 ) TR
D e s I N o B 8 A S ) A N i T A
DDEQN .. DDEQN 5 185 D1 i 7 ot 25 19 26 1
TR EE 5 Ak 2 ) 45 5 1k B R % 1 B HL T 78
DL i 30 b 2 0 4% e, ) FH Bl ATLCBR 2 v sl 4 1 (B R
B BB R BB Q 45

e, TEAR T Q 4% ik B i R R A R
mg, Fak X

a= argerr‘lax qg(s,a; 0) (25)

lindg

B R,

48

R TR R S B QIR 4% B 1k ) AL 19U E Lk A SR

KA 0 AT QM IS q () Q W 45 (1) i {1
%%&O

SRIE 70 B bR Q W 45 i 58 35 4 {8 pR B, TR

W
q(s,a; 0)=r(s,a)+ yE(q(s,a; 0") (26)
K08 Hir QM4 S48,

TE I B 2, DU ST o 22 ) 285 T T — Bk B G OB AR:
W HAE R RECHR o(s"), W E(q(s',a; 0")7]
RN

E(q(s,a; 0"))= JL:Q(.&'/, a; 0)o(s)ds" (27)

M 5 9% B PR RS LA R

E(g(s,a; 0= Dg(sha; 0)p(sh)  (28)
P MRy X DL I 3 b 2 T 45 4 TN 24 SR AT RE
FF K] 53 DX 8] Y S E0 s s R 50 R DX TR R S
XFE L (25) FI= (26) AT S Hy -
a,= argmax q(sh, a; 0) (29)

a, €A
q(s,a; 0)=r(s,a)ty Zq(sé, ag 0") p(sy) (30)
k=1

X a RS s B AR
DDEQN 53k 14y i A P 4n 181 1
Il
ﬂ%)fﬁﬂﬂfgﬁ?*%[ﬂ]z%
4%@?4#5&#{%13&%%@

R RS
|
i AARS BRI LT 2%
|
THA TR (L2 > FRURUR
v
REESRAL T i
v
UlIE ik
4

e L

1Y
4R

1 DDEQNHEZEREE
Fig. 1 Flow chart of DDEQN algorithm

3.2 DDEQNEEMMEMBKINGSHIZE

DDEQN 583 1 #ih 25 9 2 I 25 1o 72 An B 5% C B
N o M2 A I G B TP R RO R R R
>J FRHR 22 5 e P22 I 4% )WL SIOPE BE , TR kg a0 20 P
BEAE 2B LA AR R Bl 28 100 255 2 o] 3 R 8

1) 22 56 [l i

2256 1] AL 2 1 skt 2 6 KCH 1 AR O
MU RPR S 5L A2 4 & P BEHLRAE AT U 250 72

http : //www.aeps-info.com 17



2022, 46(3)

il b AR SO SIMEE S R L2  NIZ R BB R
Gy 22 56 [l o, DA R /N HE R R B AL R 3h R
EAR LR S itk

2)HREE

- 0 AR [ GE Y e 2 5 om0 45
WA o AR SO A2 e Bl 25 DI 25 IR B35 7 0 /DN R 45
RINEE, LIk BB W S5t 21 o

3) 2> K

R REFEGE MGG, Lz Sl
AR E A s A i 2 R IR E A
W) R L HAR QMBS Boh i Q M 45 & i
FRAT PRI e 7 15 S A 3 A A ROk kG et £
J¥i] F3L

4 HBISGER

4.1 SHESE

DA E /N Y 7 Ml Bl Sy s ri ) 908 B PR 5, 4R 5
F 12 A W96k W R XL 67 far A A R X 42
A AR R 5 A R AT IR IR o 22 Tl Bl OB AR g
i faf D) 2R F i BE 5 G5 S 800 B 5 D TR L SEE HL A
g1 A SCrk[12], FE XA fif BE &R 40 B i s AR 51 A 3¢
fkl21],

Zead Z W 2R, AR S E DDEQN # ik i 4 56
[ 5 BT B R A A7 Al 4 800, 45 YR /INHE SR B A
Fi R 600, FIHER R E N 0.1, B LR ZE K K 0.001, 45
FAHCH 24 000, 2% 2] FHL0.001, &I 2k 10 WK 3 8T
— K HAr QM4 S5

A 3CAf ] Python # & JF 8 H Py Torch 2 i 5
DU I 307 f 22 26 Ol AR & s o R L, T
TensorFlow fE 22 4% 5 DDEQN & y: &2 )% . A ik
FH Al LA I8 N e AE 2 ) R OH IS N AR Ah T
(adaptive moment estimation, ADAM) 5 1k, H A &
PR A Wi A0 B R T 4 A SRR . T BPL CPU Y
5 oA 17-8550U, AT 8 GB. DL i $fr et 22 9 4% 1)1 %k
Ak 10 000, YIRS 22 h, DDEQN 5 ik #fi 48
I 28 1] 25 A58k 70 000, Y 2 iF K R 49 h
4.2 DNMET#HEMEIIGER

e UL I Hr o 2 0 245w P T R AR R BRAG 40 4
JE 2 u R N 30, F— 2 EEE M A u N
50, HE R J2 M 2 R 55, wE#7 A 10 H (B5R)
19 H 6 H (RN R ) A 50 UE T 45 5 .

P Pl 2 BT I R A, DL i 30y e 22 I 4% T 0 2 4
5 S BRAE B A AR AE TR A, i T A S R B
Fe 2275, DU 7 e 2 I 4% 14 100 7E 06 < 00 Aif Al 352
FERR L TE AR B SR A B = kG . B T A
5505 AR AT I R AR S0 0 AR A A A S B

18

- AR -

T B AR A, EL TN R 22 7 ] 32 Y BN o

Sy Bk — 25 F 5 DU i 3 AR T B RS R A L e
Jr b 28 ) 2% 5 4 P 2 0 2% ) TN 4 2R R AT
P, S5 RANRN 5% B B o DL S i 22 0 25 B AT T vy
K5 R /N5 22, 3%k S DR DA i DL I 7 o 22 o) 2% f
JEAR G J7 B A 5 T AN B R R B A G
P, TR 8 1 BUIORS B2 o A SO oBAR s
L BT H 4 15 B R 95 %6 1) IX 3, I DA e 7 5
P 28 B 1 TP U A

W
—_
=
S
S

800}
600+
400+
200t

i Gk i F1/k

00:00  04:00 08:00 12:00 16:00 20:00 24:00
I %)
SEBRAE: — TR o 95% A A X s

2 AERSKRETRAH BTN E RS LERERT L
Fig. 2 Comparison of forecast results and actual values
of photovoltaic generation output under different
weather conditions

4.3 HEZERSH

5kt DDEQN 896 A &bk ik DL
3P 2o X He 4T o

B 12k F DDQN 532, 2% BB AR 1 1 1 A1
FE M BE AL A UL I S0 ol 2 ) 4% i I 2 SR AR Ok
AR 2 N4

B 2: R I DDEQN 53k, RIA SCHE 37k .

B 3 3 T3 50k 19 2% OB IR B O R
) B AL O AL BB ¢

TEH—$7 H FEl X6 AR K H s ) s o Sk Ak
Bl CULE S D) o YRR 2 W 45 0 2o # b, R B
NGk, 78— U 25 e % b 22 I 28 1 A7 3t
— AN B T B e g R Bl T I 1 A A pR B4 T 2R
B S R A [ N D O (T 2 L O
BE WA i N5 A 2 45 IR O (i) K -

T
q(s.a; 0,)
1

O(i)=*+= (31)

q
Kes,  WIEMB S iSRS 0. Wi L WS
B a2 ISR 1) R g A

Ry 2% P AR 5 1 I WA SR BE L 3R T TR E ¢
g2y g B T 5 2 &40 70 000 2 19 Il 2k



Ja YIREMR S, B4 ¢" A I Zk 70 000 25 B iy 18 B2 ] 30
PN 5 I s A T 6 I ) 2R 0K

P 1 58 2 B gl RN E 3 R, A A K
T Y UGG S an B SR E TR

— B2
02+ — i1

0 10000 20000 30000 40000 50000 60000 70000
EDs g

B3 #EX15EKX 20IIHER

Fig. 3 Training results of mode 1 and mode 2

FE W SK 5K 31 0.995 B, T Ry i 0 28 I 248 I
13 AT, A 22 A8 I 5 24 35 000 25 i il 8K
i A5 5 LAE I 252 67 0004 P8, 7T U AR SC i 4
DDEQN vk HA S (i stk pe .t T E
e 2278 R R T BRI (RS B S M T
TR FH AR 5K 114 R A0 00 8000 ot A AR 3 — 25 I 2553
4.4 EHEHNEHEENITEE

SR FH 4.2 35 A DU e 25 90 4% O F 52 4 R 9
HERE 10 00043 S AR R BEHLOL AR ES o AR s )
s G AR =X (15) fr s o & AL 1L
R 5 R B SR AL A ) TR T A R R G Y T )R
— 8, 3B IRAL G R W 4 TR

e

00:00 04:00 08:00 12:00
i)
—o— BT o A2 o B3
B4 3HEATHRERENFTERRS
Fig. 4 State-of-charge of battery storage system in
three modes

S R
S o B o0

S
n

TR RS HIRS

16:00 20:00 24:00

B4, 0% 3/ RMAE R G R M 4PI100,
AR EBRERE A NE 5B SIVRMEER A T
) AP a4l B 3 5 LA 2 M L
TE LA AR I BE (01 :00—06: 00 ) 1 FE, A K& 488 w85 1) s
Bt (08:00—10:00) [ 5 W A5 R 22 57+ o

Ry iE— 25 % bR BE i Ak 2 S Bk 5 BE LR 1R 5

lindg

B R,

48

R TR R S B QIR 4% B 1k ) AL 19U E Lk A SR

R A 2s T 8 15 2] B9 6if BE 2R 48 R B R mE R 2]
Mg 5L b, I6 3RS U O fh &5 SRt A7 % He
XL gE g 1.

F1 AEEXPHEFETLE

Table 1 Comparison of economy in different modes

R A R L NPT JeIRA 2/ %
PR 1 189.07 81.33
M 2 184.30 81.57
B3 215.04 76.26

1% 1Al AR T BERLOC Ak J7 12 IR i Ak 2
AT BRI ES R R A . A, 515
DDQN 8341 e, A SO §2 DDEQN 585 (1915 47 )i
A A, 3 RO DDEQN Bk 4 5 4 14 U 84
PERE . 5 FEALOL AL B AL L, DDEQN %2 3 7 I
P S0 Ao 25 T 0% Xof A i o R AR, U8 T O A E R
TR IR A SC A AL 1 A s /N B R 3 5 0
AR W 8 ) DR T AT e R T
4.5 REBEVGRAKEE 11T

TR, 0 7 8] B PR SR e 28, O T RE TR AR A
I TR R 58 T A0H 0 A 9 R SR W, T LA BT A% 4
2] 17 SEVARL X T ERBE R R 0 A 9 T L kR 2
AR 22 W 28 F BRI . AR SO SCHE B R 58 1 X
LA 25 000 2 AR 24k 22 1| 2 1) R Bl Ak 7K RE T -

S5 E DDEQN 5316 1 2545 21 1) bt 28 19 25 1) 4k
AR BE T, TEHT B G 000 9 B8 B 8 b B O AR R P
O IR RO A 5000, 1 BE R LY A S A P AL AT
L T AR SRR 75040 o it A 4 AR S AT
X H B 4 RIS 5 Y 4k 2K RE ) PEAG W 5 TR o

1.2¢
J0) SN

0.8}
0.6
=

0.4}
— s
— k4

0.2+

;/7 200
0 10 000 20 000 30 000 40000 50000 60 000
e

s X 4F0EX 5 parREE NiTMh
Fig.5 Evaluation of inheritance ability between mode 4
and mode 5

#E304: J DDEQN 595 FOB #4711 4k

H52 205 ) AR 2 2 I R A5 B A4 b 22 0 45 2k 22
Ik

H 1S R, R4 A T, K5 B AR Y
W S5 B o BREEKS AkR E IR Y R 28 I 2% 1 45 4

http : //www.aeps-info.com 19



2022, 46(3)

FSE NG BOR T E (RN 7 200) )5
T4 U 25 5 1 38 3 U BI, 1 I B 28 I 4% HL 3
I B 4k 7K g
4.6 EBEHEMEITMG

Sk N X B 2% 22 A I R BE IR B R b B AR
D) 26 76 AN [) ) B PR 88 F PERE R AL, IS .
PEAR AR SR Y f 65 A 1, 40 01 % DL v 87 e 2 ) 5%
TR B 5 b 27 > TR B8 I 48 A T 1E A

D) SGAR H g Fuimi iy DU S s 22 2% . F AR
S T ) B A2 X I 1 a P R BRI B K o
4.2 R TR AT JE T UL Hir b 2 ) 4% 19 5 1k
L0 T I A S X A e v RS R 150 B DL e B e 25
4 HAT B ar iy et o 76 T B8 S 1 R T A A
AU LR L, B PR B IR R AR AR AR BT SR AL A AT
HA R rEge, B S8 B A BT — o i S M .

2)DDEQN H yE iy M2 M 2% . MK IFE DDEQN
BB Mg SR T A5 E RN
SR E 60 d MBIk 5 1 U8 Sy I Ak £
B 6 41 F .

B2 62 P42 R P AR 2 2 I 2545 31 1 4o 28 [ 4% 0t
THR .

Bk 4 S AR 6 1 X He 45 SR ANE SR E R . il
Ik X AT AR ST $RE B4 A 448 T 4% 70 T ) 9 R A B
HA B E k.
4.7 AELEHHEMEWEIER

PR 25 I S50 a2 il 2Rl B S U 2R g AR
A SO SR EE A HEAT N LR o 5 Bl 45 44 1) Bl 28 I 455 0
SOMERE A 2 2 BT , WS BS0s R An B SR E TR .

£2 FEMZMESH TR

Table 2 Convergence performance with different
neural network parameters

T 25@? ﬁﬁ; WS T
25 1 2 55 110 56 000 18
ZEFy 2 2 110 220 32 000 P
258 3 1 220 220 45 000 B
Z5H 4 1 55 55 KA
ZEH 5 3 550 1650 pURiVEe

122 2 0, 454 2 I BOE FE fe bR o S5 A 1Y
B2 2= BORA ], (EL B2 B b 22 T i 4 /0, R B
W SR B A o 45 3 HAT AR T B B 22 o0 B BUE R
TR B J2 BN [R] BP0 e 22 e R it 22, IR T O
WSS BE o 4l Al 4 A M 2 o RO ™ E N 2 LB B
KA HER M Z MRS, 5L 4, 45
LSBEECEZDI /g SO PUR V-V W ]| K2

20

- AR -

HIBRATRERR
5 %HKiE

ARSCPREH T2 TR B Qo fb e ) Bk
PR R I S B 22 TE R R o S, R DL B e 2 KA
28 X5 SGAR Y ) AN E A, I AR T 2K AT Rt
s N R TRESHE B RIS R . RS TR
Gt JC AR I B 1 1) kA e a8 e Q R A 2k X T
f2 il T DDEQN F ik , HA BAr i Bk e . el
e 3o 9] 45 RS B B O vk R AT T SRR, S A T T
FH LE , T 3 455 2R A 22 A R Wi S50 B T T 1A T A
T, HBA RUFIARREE T S5 & RN, BLoh b xS
LE BT 1 A [ o 22 00 4% 235 4 0 11 it 7 A0 WA S R
5

TE i 2 BB 5T b 8 10— 20 58 38 F % BT Al 2
RS, LAE ™32 36 89 07 %, OF I SE PR R GE it AT
Bk .

B 3% T 7S 1) B 28 AR ( http : //lwww.aeps-info.com/
aeps/ch/index.aspx) , A% X E f5 Z 4E 53 7] L 57 352
W 4% 4 32 o

22 3Lk

(1] EH, B, A5, 45 3 B i A =X 500 6 iy AS A o
Wy Z HFsmc M ]85 A g b4 ,2016,36(6) : 116-121.
WANG Xinping, WEI Zhinong, SUN Guoqiang, et al. Multi-
objective  distribution  network reconfiguration  considering
uncertainties of distributed generation and load [J]. Electric
Power Automation Equipment, 2016, 36(6): 116-121.

TR O B AS L AF L TE RSB S PR 3R A SR R M
TRARALIRE [T, i J 7 e A Bl 4k, 2019, 43(14) : 73-80.

WU Jiechen, Al Xin, HU Junjie, et al. Optimal dispatch of

—
Do
[}

flexible resource on demand side considering uncertainties [J].
Automation of Electric Power Systems, 2019, 43(14) : 73-80.
(3] VP, A0, A0, 55 5 OBAR Iy A i s 4 1 el IXC F )
H iz A7l (7). f s A sh Ak B4, 2020,40(5) :85-91.
XU Yin, LI Jiaxu, WANG Ying, et al. Day-ahead operation
plan for campus distribution network considering uncertainty of
photovoltaic output[J]. Electric Power Automation Equipment,
2020, 40(5): 85-91.
AR R P T L2 29 SRRl Y 32 Sl F ) e O Ak T
BERTFELT] 0 ARG R 545, 2014, 42(13) :45-52.
WANG Jian, XIE Hua, SUN Jian. Study on energy dispatch

strategy of active distribution network using chance-constrained

—
'S
P

programming [ J]. Power System Protection and Control, 2014,
42(13): 45-52.

TERRHE , S8 POk VIR 5, 45 . 5 18 22 R A AN ) A T 19 DX Bl 2%
FREMA G SRR [T ]. 0 KRG A3k ,2019,43(7) : 34-41.
SHEN Xinwei, GUO Qinglai, XU Yinliang, et al. Robust

planning method for regional integrated energy system

—
wl
[



considering multi-energy load uncertainties [J]. Automation of
Electric Power Systems, 2019, 43(7): 34-41.

o, R, Ly B T R I 4 ) (% R T 22 i) R
PP BT ] iy R4 A Bk, 2016,40(18) . 7-14.

XIAO Hao, PEI Wei, KONG Li. Multi-time scale coordinated

—
[o2]
[}

optimal dispatch of microgrid based on model predictive control
[J]. Automation of Electric Power Systems, 2016, 40 (18) :
7-14.

R I, XUTE VF L S5 2 X H T 94 0% R e Tk A1 AR B
AT R B [T B ) R SE A 34k, 2019,43(4) :40-48.
7ZHU Jiayuan, LIU Yang, XU Lixiong, et al. Robust day-ahead

[7

economic dispatch of microgrid with combined heat and power
system considering wind power accommodation[J]. Automation
of Electric Power Systems, 2019, 43(4): 40-48.
(8] kb, Far2 W T L T 54 3 28 U BE (1 I 82 2R A3l e 00 i o
BRI B RS A B, 2015,39(15) :17-23.
ZHANG Zhong, WANG lJianxue, CAO Xiaoyu. An energy
management method of island microgrid based on load
classification and scheduling [J]. Automation of Electric Power
Systems, 2015, 39(15): 17-23.
WA, 5RO, ak S, A SR T RN KR AL B 2 s AT
75 3 ) R GERRE 4 2 B IR e A 7 vk [T ] IR 2020, 44
(8):3038-3046.
PAN Xiaojie, ZHANG Liwei, ZHANG Wenchao, et al. Multi-

[9

—

operation mode PSS parameter coordination optimization method
based on moth-flame optimization algorithm [J]. Power System
Technology, 2020, 44(8): 3038-3046.

[10] PR, A ¥k SR Z2I00, 46 HLEE 5 T 7ERR IR 5 i ) 3R e AU

R AIFREELT] Ay £ 48 A 34k, 2019,43(1) : 15-31.
CHENG Lefeng, YU Tao, ZHANG Xiaoshun, et al. Machine
learning for energy and electric power systems: state of the art
and prospects [J]. Automation of Electric Power Systems,
2019, 43(1): 15-31.

[11] HUANG Q H, HUANG R K, HAO W T, et al. Adaptive
power system emergency control using deep reinforcement
learning[J]. IEEE Transactions on Smart Grid, 2020, 11(2):
1171-1182.

[12] YANG Q L, WANG G, SADEGHI A, et al. Two-time scale
voltage control in distribution grids using deep reinforcement
learning[ J]. IEEE Transactions on Smart Grid, 2020, 11(3):
2313-2323.

[13] WANG B, L1 Y, MING W Y, et al. Deep reinforcement
learning method for demand response management of
interruptible load [J]. IEEE Transactions on Smart Grid,
2020, 11(4): 3146-3155.

[14] T3, iR, b W, 45 56 T PR B2 i Ak 2 o 1Y KU 3 i T

4t B B S — IR AL I BE [T]. M ) R 48 A Bk, 2021,45(1)
132-140.
YU Yixiao, YANG Jiajun, YANG Ming, et al. Prediction and
decision integrated scheduling of energy storage system in wind
farm based on deep reinforcement learning [J]. Automation of
Electric Power Systems, 2021, 45(1): 132-140.

(151 XM, PhoCEe , 0, 55 0 T U iR AL 2% ) 10 A 385 NS 1 58
PR BFIHEE [T ] By R 48 A 34k, 2020,44(9) : 33-42.

|

<
dF

AR TR I Q4 B U i R
PENG Liuyang, SUN Yuanzhang, XU Jian, et al. Self-
adaptive uncertainty economic dispatch based on deep
reinforcement learning [J]. Automation of Electric Power
Systems, 2020, 44(9): 33-42.

[16] NGUYEN T T, NGUYEN N D, NAHAVANDI S. Deep
reinforcement learning for multiagent systems: a review of
challenges, solutions, and applications[J]. IEEE Transactions
on Cybernetics, 2020, 50(9): 3826-3839.

[17] ¥ e, 0k, T 0 3 RE U8 s 0 op 2% IR AR 2E 4% 19 BI-LSTM
oA 455 S 100 7 AT UL ] F ) AR 4 A Bk, 2021,45(3) £ 166-173.
YANG Long, WU Hongbin, DING Ming. Short-term load
forecasting in renewable energy grid based on bi-directional long
short-term memory network considering feature selection [J].
Automation of Electric Power Systems, 2021, 45(3): 166-173.

(18] Z=IE W] R, T i . 5 F PSO-DBN #2945 1 56 AR J& 0]
R AL LT ATy RGO S ], 2020,48(8) 1 149-154.
LI Zhengming, LIANG Caixia, WANG Manshang. Short-term
power generation output prediction based on a PSO-DBN neural
network [ J]. Power System Protection and Control, 2020, 48
(8): 149-154.

(191 BURRT W KU, £ B0, 45 . T Be gk DL o 357 4 2 00 2% 1) D' AR

I HER BN LT, AL AR, 2019, 43(12) - 4377-4386.
ZHAO Kangning, PU Tianjiao, WANG Xinying, et al.
Probabilistic  forecasting for photovoltaic power based on
improved Bayesian neural network [J]. Power System
Technology, 2019, 43(12): 4377-4386.

[20] FENG CS, WENF S, SHIY, et al. Coalitional game-based

[t

transactive energy management in local energy communities[J].
IEEE Transactions on Power Systems, 2020, 35(3): 1729-
1740.

(200 ey B0, W A, X0 B3, 45 fifk B A4 JEE v QAR 1L G AR 23 A
[J]. L TR AT A, 2019, 38(9) : 1-10.
HE Yingyuan, CHEN Yongchong, LIU Yong, et al. Analysis
of cost per kilowatt-hour and cost per mileage for energy storage
technologies [J].  Advanced
Engineering and Energy, 2019, 38(9): 1-10.

[22] PAN S J, YANG Q. A survey on transfer learning[J]. IEEE
Transactions on Knowledge and Data Engineering, 2010, 22
(10): 1345-1359.

Technology of Electrical

g AR(1990—), F WL L, ERM AT R LA R
g E R R h T B FTE . E-mail: fes@zjut.
edu.cn.

RO (996—), k A EHARAAE, EBHRFE B &
G e AdEH) AUEF T, E-mail: 1304150284@qq.com

X AH#(1965—), B, # & , LA FIF , TR H @ .
BAHGRBUESHE ZARI R ATHEE ARG
W W5 ¥ 3 iA £ 4 . E-mail: fushuan.wen@gmail.com

RAKRAI71—), F B4, 448 L F00, 2 &
BER ey AR W A KK B BAT AR R R AL AR ) R Bh A
FANM B A ARGELE BREREREF, Email:
youbingzhang(@zjut.edu.cn

(438 i)

http : //www.aeps-info.com 21



Energy Management Strategy for Microgrid Based on Deep Expected Q Network Algorithm

FENG Changsen', ZHANG Yu', WEN Fushuan®, YE Chengjin®, ZHANG Y oubing'
(1. College of Information Engineering, Zhejiang University of Technology, Hangzhou 310023, China;
2. College of Electrical Engineering, Zhejiang University, Hangzhou 310007, China)

Abstract: With the increasing penetration of photovoltaic units in microgrids, the uncertainty and time-variability of its power
generation have brought challenges to the economic operation of microgrids. When constructing an economic dispatch model, it is
necessary to properly simulate the uncertain variables and develop the efficient solving algorithms accordingly. In this context, this
paper proposes a deep reinforcement learning algorithm that can effectively account for uncertain factors to solve the problem of
optimal operation of microgrids in real time. Firstly, the Markov decision process (MDP) is used to model the optimization
operation of microgrids, and the real-time reward function is used to replace the objective functions and constraint conditions, and
the interaction with the environment is used to find the optimal strategy. Secondly, the uncertain learning environment is modeled
with the help of Bayesian neural networks, and then the stochastic process of state transfer is effectively considered in the MDP.
Therefore, a double depth expected Q network algorithm is proposed. By considering the randomness of the state transfer, the Q
iteration rules of the general deep Q network algorithm are optimized to significantly improve the convergence speed of the
algorithm. Finally, a case is used to verify the effectiveness of the proposed model and algorithm.
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