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Research on microgrid energy management based on deep

reinforcement learning

ABSTRACT

Microgrid energy management can enhance the operational
efficiency of microgrids and reduce operational costs while facilitating
the integration of renewable energy sources. With the rapid development
of microgrid technology, the use of traditional methods to solve the
microgrid energy management problem faces problems such as lack of
adaptability, limited optimization capability, slow response time and high
cost, and the use of methods that can handle complex operational
scenarios and have adaptive learning capability has become the future
direction of microgrid energy management. Therefore, this paper
proposes a research on microgrid energy management based on deep
reinforcement learning. The main research content of this paper is as
follows:

(1) An energy management model for microgrids is constructed
based on the theoretical framework of deep reinforcement learning,
and energy management is realized based on the model using Dee

p Q-Network (DQN) algorithm and Deep Deterministic Policy Gradi

ent (DDPG) algorithm.Simulation experiments show that energy man

I
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agement of microgrids using deep reinforcement learning algorithms
can achieve the goal of reducing operating costs.

(2) Long and short-term memory neural networks and Reward
optimization Deep deterministic policy gradient algorithm(LRODDPQG)
is proposed for a microgrid energy management scheme for a singl
e microgrid. In the existing deep reinforcement learning based energ
y management schemes the uncertainties in the model environment
are not modeled separately, but the microgrid states are constructed

as state vectors directly input into the neural network, which great
ly reduces the convergence speed of the model. For this reason, in
this paper, we use a long and short-term memory neural network to
model the stochastic environment in the microgrid energy manage
ment model, extract the source-load time-series data features, and o
btain an effective prediction model through training to reduce the 1
mpact of source-load uncertainty on the model. In order to further i
mprove the convergence of the algorithm, this paper also optimizes
the reward function, which is divided into immediate reward and c
ompletion reward, and gives different reward signal feedbacks to th
e intelligent body according to the state of the microgrid environme
nt and optimization goals at different stages in the training process.
Finally, it is verified through comparative experiments that the imp

roved algorithm can effectively reduce the operation cost and impro

v
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ve the convergence speed.

(3) On the basis of single microgrid energy management, a bilayer
energy management scheme based on multi-intelligent deep deterministic
policy gradient and power flow is proposed for the problem of difficult
cooperative control of multiple microgrids(Bilayer Multi-Agent Deep
Deterministic Policy Gradient ,BMADDPG) . The scheme is divided into
two layers, firstly, the lower layer uses the MADDPG algorithm, which is
more suitable for the multi-intelligent body environment, to make
decisions on the equipment output in the multi-microgrid; subsequently,
the upper layer uses the optimal tidal current model to solve the optimal
tidal currents among the multi-microgrids according to the optimization
results of the lower layer of intelligences, which solves the problem of the
difficulty of collaborative control and realizes the energy mutualization
and power balance among the microgrids. Finally, the effectiveness of the
scheme is verified by experimental simulation, and it is proved by
comparative experiments that the scheme can accomplish energy

management at the lowest cost.

KEY WORDS: Microgrid, Energy Management, Deep Reinforcement

Learning, Reward Optimization, Optimal Power Flow
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[R5 Bl 2 T T S AT T RO B0 10 o 80 Bl A 3o 5 PR 58 I 80 i 2 o 1
AR BB 0, T2 SR RE R B 2 T R K R0, YR SR, 5 ) HE 4
AT LU IS — NG (S, 4, P, R) RN 7 K T AR T K S PR AT 20 « 9 Rk
SIS YOS B UG A: FEIN %L R TRA S, e S B AR IR 5
BT SRIL—ANEIE 4, e 4, 3G ABIEFIR e R, SRJG FF L IR 4 5 5 5
S, €S

(REZE S = {s,,5,,5,.., )+ BUEBERBTALHIFR LR, 5, fRE RGETT e
BT AR

QFMEA 8 A= {a,,a,,ay...a,}: BOIEZ RN BRI B 1K B B2
Fie AR e 6 R L

CYREHREHPls,a.s)= P(s' | s,a)]: P P(s' | 5,a) 4 T TR ARG
fEa)G, REHBIIRAS MR,

(@)L ER L R AR HUE ST 1R R RAS FARAT 01E BT AE 3K A5 T RITIN 4250,
— R RN s, a,s ), XA BRECHEA T REFRBEEN MR [ — NS08, FoRteR
BPITEMEG, B HERIRAR 2L -

(5) B REAR RIS 7 < SEARFERRANIRAS T S BB ME AR 4 A S vy LAk
TR a(als) FRTERD s FILFEE o K.

TE B B PTE SERE I EL B0 ) A B A K AR AR a5 o T iR R
BRI B 920, 258 B S B A ez, o PO 2 24 A i 2y e o
(IR, R RS e, (E T RE IR B bR S . R,
ROXT Tk A, BN T BRI . AR, SRR IITERE, BUEIRERR
SHIRECE . & LRI R,
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Rt t+1 + 74/'t+2 + 7/ t+3 """ = Zykrnkﬂ (2_1)
Ry e (00) RN T, My BT B, & AR R T

RFINRIL . AHS, By EBREET 1, B Re A muBl fn 4 SRECIC I R AR 2

fih
N T A E R R R PR A R, SRS B ™ (5) © BB AR

AIRZS s F, BRERTUHRENS TAT I EAR I ih o & ml LA B RE A TPAIRAS
HIZFIR, FHR SR AR IEF R ZNE a o RS HME o8 BOE F 8 P2 P 4534 T
filivh, ATRARIR

V(s)=E.[R]S, =]

=E |:27 Bkt ‘St :Sj|

(2-2)

FIEE, AT IR AR PATEIMER R RER S, SINIENE L O (s,a):
Q”(Sﬂa): E[Rt |St =S4, :a]
= E|:iﬂ’l<rt+k+l |St =S’at = Cl:|

(2-3)

REM R (s) RENENE R O™ (5,a) RTENME a MIIH; F1F K%L

07 (s, a) IR AS UM B8 507 (s) 55 30 1F 5230 SR B iy R 0128, B
0 (s,a)=Elr,., + " (s,.,)] (2-4)
V= (s)=E,[0"(s,a)] 2-5)

K& DR 2 J7 £ (Bellman Equation), M8 o8 80 2 BLEHERF I, BARHESU1F -
V“( ) E[R |st:s]
E[t+l+7/rt+2+ |S :S]
_E[ Tt (t+2+m+3 )|S :S] (2-6)
E}/}+1+7V (z+1)|sz‘_ ]
ANPEYHME s Bt ] LLE e BT R ME S, mRARE .
Q (St,at) I:t+l+7Q (z+l t+1)|S S’ax:a] (2-7)

B R B R PEAS SRS i), RIS TERE E 2R T, RS A FEE =
(6] 5 B A FRAR A, o7 DL 61X Be o PR SRS FEAT R4, 1T 3% H A A TR B,

9
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7" =argmax V7 (s) (2-8)
7" =argmax Q" (s,a) (2-9)

2R RS E 2 (B E SRR, o2l A R i SR 1% R A5 B B L e, T
LIE S PR RIR s D9 SIS S 50T B R 2 317K HH R R O T S S 40 6
e, IHESHUREBEE LTI SR, CLSEILE AR B J(0) ok, Horh:

JO)=FR]=[ 7 (cRadr (2-10)
O RIFESEL, 7, PTAILA I PR A 2 R
22 REBUWFIEE
22.1 ETMERBBRERLE SIEE

BET 0B BRI UR JBE 9 A 2 S SR — PR R 2 2 S BOR N k2 2
IR (R 740 o A2 SRR T R A O fE pR AR VPAS AL SRS, (645 3 REAR BENS
FE 5 AL IR R A 3RS oK 1 SRRl

PRI AR U B AER R FH TR E A 22 X 28 SR AR TR A e 20, IRl 5B R 32
HREHMENSE . AINGLRET, TR L iSRRI sE, 5
T )2 A 5 S R 2 A 1A PRI 22 5 A5 FH S 1o A 47 S92 00 B3 I 246 PR AL

HAIREE Q M2 (DQN)Z —Fii A% . 5 Q S HH#, DON L E i =
RO 1R TR MEORIET Q (H R AL, Ret A3 4 B2 AR A 2= ] Al
EEAsEl. 2 ] T RIS AFEOR, REVSAERE AN L s e, IR REA AR SRk
ANEHE R PER ). 3 A 1 [ A AR g R A E I Zhid i, #aditls. 4
T WA 28 SE R BT R TF Q (BRI HERR Tk -

&k 2-1 DQN EpE4
BN CRASZEN S, sh{EF A A

LA A IR 2247 D

2:FENLHIGEA O 28 280 0 LUK H s Q 42410
3: fori=0—Mdo

4: VIR IRIRE S

10
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5. fort=0—Tdo

6: MALTERES S B, RIE e MERIEFENE o
7: PATENE a, 1BV 7, FUFTHPIRE s,,,
8: ¥ {s,,a,,r,,5,,} FFND

9: WD RFE—HREAR s, a,,7,,5,.,}

= RIS
errl SjJrlIEéHigl /Ij(l;é?
Y=

10:
— El =l NEA
rj+1 + maxaj+l Q(Sj+] 5aj+1 ,0 ) Sj+17FEB§é; ’{j(z;{&

1 Uy, -0ls, a,0)f Ak B O W%

12: BB CLHE O <0
13: end for
14: end for

Fith: O M2

SINZIG A7 (1) A AL T FAR P A RIR ., Rl 3R T+ Kt s e, 2
ATV RN G KA FEA IR, K A2 4R B AR A 18] W5 it A7 T 5
ik . RIS GAT O, IIGRBE R 2 MU a Kt i e o, 2R A
FE BCE AU AT DL, D9 T R R — i) RV REAR 2= SR AF Ve TR SRS A S S
FHB e 5 A 8 P P B 2 e DI R 2R g ) R R AR e 1

222 ETRIEHERRERILE IE X

BT SR B IR B 9 A 5 S SR i B0 SRS R MOk 2 ST g 42 25
FE [R5 22 18] R B L KA A A2 il o XD 7 08 G 1 A% e T s BT
P AR B S I OME R AU B AR PERN AR E 1, JF HAERL SR 5 T RENs SR (i 4y
RIPERE o BT O R BRI B 5 52 > 1O N FH B 3 T3 SR Bl R 22 ] (R A B 2
TSR IR S s AL o 5] B E T B s R S Rl 3R 85

FEIE T P pR AR s Al 2 S Bk, B e Mo S A AT A EoR gk
20l o IX SR AR R AR I RIS . SRR BLR TSRS (K 2 b o
SRJE SR DX SRR R SRS ROBR L, AR IS BB S 1) 2 A4,

FLARUL, 16 52 pR BRI R P iR A 2 ) SRR T8 A P BB AL B B LAk
RIS HI S FERIRE B SR, SRR T SRR E, JFARAE IR L /7 Aok

11
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BSHE . B AWTHE RS A, ST DLIGHT SO R RE ARV SR, R
g FE A BT Hh B B M BHAT AR 55
o DDPG i 72 — b B U B SR WS B B2 (¥ SR U7 v%:, DDPG VA 46 T

Actor-CriticZ2 1 , 1AM 2 — Pl Ak 57 > iR i WARHE , & B AN S 250 2 2H R
B (Actor) MIPFIRZK (Critic) o T8 G ML 01 T3 A ssh VRS, Bl 2] —
AN WU RECR TN S AR s FROZRIAIZNE a . REIVISIE a 22 53551k
1758 H A T VIR S s, PASCRIIME 7« VPRSI 2% 10 37 VA B4R SRS (R 43R,
B I ] — AN R BOR BONAE 25 8 RS T R BUEA AN E g, .
Actor-CriticE R, 8 53 FPFAR IR I 48 J2 B [T ZRIRT, V5 03 ) 286 AR VP 10 57 1Y 2%
PRALI NS BRSBTS, T VP10 5 I 26 U AR 18 ¥8 5% X 285 (19 4T ok SE BT i
E R H . X RN RN ZRRT7 2CRT LB &2 =) R AR RE, AESR AU R, T8 A I
2% A7 5T SR I 25 245 0 (R AEE T AR B RS 2R BN TE MR 0 A, R e A
WRIEIA A B — AN ENEPAT, SRR SEBR 2L E = o LK LS 55T 0
1 45 25 oo 1K AR TE T AR 40 0 68 4% 1 47 D 042 0T 81 19 24 Jal >R 50 71 iR 2K
O(s,,a, ), i J5 V5 5 D9 8 AL 90T (L o OV i S 5 37 L SR
Hi: 2-2 DDPG HEI+

1464k Critic M4 O(s,a;0), Actor FIZ% u(s;0)

2K R HARMAS O« O, p <

3 A I EAT R

4: fori=0—Mdo
VIR AR UIRAS s,
fort=0—>Tdo
7: MR R0 SEI a, = u(s,;0)
8: PATINE a,, 13BN EIHE 7, FUFHPRES 5.,
9: Riis,,a,,r,s,,} AR T
10: MR A REE—HREA (s,,a,,7,,5,,,}

11: i :’?+7Q(Si+1’/1(si+1;‘9);a))

AN WD

12: LA %i(% —0(s,,a,;0) ) NIKFBINZR Critic (4%

12
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13: LLV o =V, uls,; 00V ,0(s,,a,;0)|,_ () IFREE T Actor M5
14: EHHRME o « po+(-p)o 0 « pd+(1-p)d

15:  end for

16: end for

2.3 IRfErNRE

Pter AR AL fE — R B ) RGUE H T, AERCE MR RE B P i R
SEEE, AT DU T AR SR — BUAR 8] Al H R 2R e 1) FL R A D i 0 - BEE
T REVR LB R TT, YA TS g B H s b, S5 N TR Rese it
BRI AR = RS HE e s Sdls BAT sl & Beshik. 2 4EE MRt
SRF R TR R SN AL, R B ATRESIEZ R R R,
BIUn(E A RAR B A TR ES AR NZER, TRHKEDFRERSCT
AR T rlEAERIBORYL, & H KX RNS SRR A~k .

2.3.1 {EIRFRLE 4%

0L I R e T 55 3 st 7E T 250908 1) 2 2 M DA SN 28 P, A% 4 1 Tt
MR 2815 5 RN 2 S0 2 (0 B e AR 328, ANIE A B F T PP i ) Ab 2
N T RPIE— 8, Wit T B A R AZ R G R BENLIN S, RERZ I 5] AL
RS BRI BIANCIZ, WA S e 5 5 PR ek R . Nt
IS FH A 22 BRI 22 X 2 3L AT VEAR I A4 -

(1) JURIPFIA 22 ) 245

TEIR 28 D00 25 2 — b e T 17 BB (R 22 I 5 520 . RS T 40 BT A0 %,
RNN A58 7E b3 7 B AAE I, mT DU HE 31 58 = & A3 ORI 5 77 THI A SR e,
W, PR RE AT TR SR, o SCEAEA)E. B
A, Bln—NHNRERE. —NEERIRSERE.

PAVE IR0 4 0 5 R A R A& G, b — I Z {0 H AT DA IR A
NEATAER . FL DA ¢ I 2R NREAS x, A £ — 1 I 20 B8 2 AR A& By S B 35T £ I 221 B it
JEIRE By, BARTEH 7 n=02-11) 2-12)F7R.

hy=f (Wx, +W,h_+b,) (2-11)
v, =W,h+b, (2-12)

13
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Rebw,, w,, woONSHRIURELRE: b,, b oRFHIckE N E: ()N
RINN 57 1 307 e

TGI8 X 268 15 0 10338 VA 25 A S 15 R 4 RES DR IR, BRI [R) 2D 2 [H)
BB B, XMEE (LT RNN FEHEI 18] Fr 21 Hs o iR [ oo 22 05 i B oA
. (EFRN WA RIRIERA L ZAL, Bl B8 RNN GES i 52 e K8
KA, BAEALBAIUI R R I RIAE, TTEA R PP 7 i R E S, X
Tl EEL X )y PN SR = AR R R s [ RININ A e [ A% 47 T e o 2 R g e ]
(] 3 BOBR AR AR H /N BARH K, BB ST I RE IR E T

‘ — h » b, 1
—> RNN — ’ '
h_, h 4
A
x, ) x, o

& 2-2 RNN f#Y

() K BRI A2 2 I 245

LSTM 3L B T R 25 RNN ZEL0FE K 303408t 1] K77 16 14 R 1)
R, 7E RNN (3500, LSTM ¥OTE MR T B2 840, il 1g0
R IR I R, T A5 % B O BT AZ B8 7, AR T RNN R A
P57, [ 2-3 JER T LSTM B i 5 A il

76 LSTM Byt , (RF 1T HIFE R bl ic Iz B I M . SN 1ok S
CAZ B TR RIS o T B R S SRR T i R R etk e
W22 TTHEAT A5 B . LSTM AL DL ¢ B 20 AR AREAR x, . t-1 BN 2 R 2 R
25 by PL S TERAS ¢ ARSI, RSB ¢ 2 =AM 18 (fs i o,) eIk %S €,
DA% B RS B o % BT M S 7 2 R s«

fi=c(W,[h_.x]+b,) (2-13)
i =0 (W -[h.x]+b,) (2-14)
o,=c(W,-[h_.x]+b,) (2-15)

14
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¢, = f,0c,,+i,Otanh (W, [h_.x, |+b,) (2-16)
h, =0, Otanh(c,) (2-17)
h, ﬁ
= X + I »CI
i I tanh
|
£, — X
I, C, o,
o o tanh o
h_,
> >

& 2-3 LSTM i

) M EH I

TEMZ ML I RE R, £1 X LSTM 2544, Ko i 98 S0 B #nd H kAT 1 3&
MR, XL AT AR Y LSTM IIATAERRAS . B850 1235 O PR B I 14506 BR
¥7% (Gated Recurrent Units) , falF% GRU, XA H Rl 2 N —FER, 75
— R b, GRU AJHL AN LSTM 4505 M rIfifb . LSTM B =AM
It E280 %, R HNAEREEAE M. GRU KB ACH HA 142
B, MBS ECIRAR RS, EAIMERRRIHIL . A1, GRU 24k 5
N, &S NGFEARB DG

h’
h_, > + )
1 = [
X ‘—‘ X
’ ¢ Zf ;lf T
O O tanh
|

& 2-4 GRU #i7d

GRU fE— &R EfEif 7Tk 4iky, 27 LSTM R4 14T,
Mg NT —DEHIM—DEE . EHITRYF GRU ML R EEREA ]

15
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KRZ AT RE SR NG B, DLl R B Se i ificAZ . B 1A BT 2%

RIE 2T ARSETTPRAS, IF BA B TR/ BE FE T R 10 8 XA T4zt L] 1)

SIS GRU fERMFEE EH RISk, I 786 R T o< il J G S 48],
4, GRU Hcht LSTM oo, SHE D, KE —LE

AT LA B IR RIE AT SR, BT GRU POV SENTT 2, 2 AT A e b 3 58
SAKIFFINS, WA LSTM M4k, Bk sehrRf ik H GRU &
& LSTM HUpF BT 45 (05 24 P FE RIS AR (YK AE . GRU (103858 B L 1
Ro GRU R DLE I ZI (05 NREA x, £ — 1IN U PIREGREARAS b AE N, ok
ST RN (2,0, ) LR BEGREARZS By o % MR S5 R BAR S 57 R R
Fir:

z,=oW,-[h_,x,]+b.) (2-18)
r=cW, [h_,x]1+b,) (2-19)

h, = tanh(W, -[r. Oh,_,x,]1+b,) (2-20)
h=(1-2)0h+z Oh,_, (2-21)

2.4 AREBING

KRB SN TR R 2 I S UL IR AT RIS R . [ S PR A 4]
T DQNFIEADDPGRA K BEIR FEAMl 5 B . Tk, TRAnR 1 LA g3
AL, EFERNNEA . LSTMAEAY DL KX GRUREAY, Jd I b o iy 1 R A2
FRIDR A A B 3 55 o AR S 485 B 7K SR P o 228 19X 28 AR 8 i 1 2 >0 3K 9 A S
B ST 1k e I e IR0 A B ) R Ay G AS 0 AR DG AR EAT T IR N IR A
e, NEBENARBEE |

16



8 W YN T e VAT

F3E ETAREELEFINHEMNEEEEEE

3.1 B R GHFRE

ATREA T IR KWL AR SEEHL R e 2 DAL B fir LA (0 5 1 2
PR, W 3-1 frone SeB BRI iR KA RS MRS
RNl flRE A AR, o, SR i e AT i e 6 e T R] AR RETRUR
LB AR AL — M A UK L BE s i REBE S AT DATS B L. DL
B Ah v g RS AT LA R B L RR AR I A I& BRI o, 28] A P e v (1 5
AT Bl B R ) 2 IR AS e RS 5 SR BLREIR I AL B B

e WA PREETTH A S

1 1

NS

[
) = A
L '
L
ek R AL fitiee ke
R 1
> ERFTN

B 3-1 flo I AE S
(1) JefRA AR
KFHBE R — P EM R RN, BATCaB3 1z 4 o Ry
BBl N4 iz s o FEOK PH RESE S e 4 e e e NI fE SR . i
P TR K R REFR S AL VS B T RESEIRAE S K BH D e B R K B RE
e o RE, XA AR O F A s DGR L AR AR D' LG e B G AR A
MK B RGBTSR R G, A& eviE, SR, RSN A, &
T, P, RS S. KBHBEGR K R EC B ] DL R .
P =nSI(1-0.005(t,—25)) (3-1)
P <P <pP” (3-2)

min

EF, PR R IR (kW); S AGARIRTITAR (m? ) 7 N3

17
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(%) s 1 JEHHIRIE (bW /m?)s ty WIRBEIRE .
2) R

ARl e — IR 75 F0 T FEA R AR TR R i R R R ik B A 4
(e T S L BT AN s AR A o IR R B S AR T D377 A0

0 v<v,
PN(A+BV+CV2) v, Sv<v,
P = (3-3)
" vy Sv<v .
0 vy, .
S — gy [Vt
Awm_mfbAm+m)4mm[mw]] (3-4)
1 ,
B= —2[4(Vin + Vzv)(vmzﬂ)3 - (3Vm + VN)] (3-5)
m VN Vn
1 v, +V
C=——|2-a(—=—2)
(V,-,, v, )2 [ ( 2v, ) ] (3-6)
Py <P" <P (3-7)

B, PO RHLI A T3 (WD 5 Py R 2 L T 4% FRRE TR (kW5

v, 535l A SE R R AV E RGE (m/8); Vg ~ Vour 735 AT KGE AT HXGE (m/s)
A. B C RN
(3) BB AE ALY

TR S EC AL — Bl N AR R B, &R SR IR B 1) 30 7 e 45 S 3
KRR Ak 2 B FE AL M BURRE, JFIE R L A HBE . (B R 75
BRI ik &, R RNIE S M AR R G IR AR R S MA AR
GRS AAG TZ MR FAT 5. BRSSO B B] LSRR A -

PMT — FMTHnngT (3—8)
Py < PMT < piT (3-9)

b, pYTONTRRURSE LIS I (kWD 5 FMT IR FE R (N )
H" NRIRVSBAEWh | Nm®);  EYT R BLECR (%)
(4) fERER R

fgRE B &2 — P TR FRE R IV E, ERE I HAE. e, RS
AR T A A FH R RE &, JF7E 75 BEDRE L 4[] fE R Bl LA XU e
HlEZadEmae. Aae. (a8 DL RHUMRRE DU R g e B &% o f# e & E TR M

18
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RN HARH T2, BENESCBLRE R AT B L SR BARREIR A R A R 4
Rk, BEEMBESORKIANBIEED , i AE A LR W rh B N AR S vz, [
WANCAH RE MW S5 fif REsl BB & B, HAR AL 37 4 R 152

Pun <P <Pyl (3-10)
SOCt +776/1PtESSAt /EESS , PtESS > 0

socC,,, = 4 (3-11)
soc, +RESSAZ /ndstESS’ P[ESS <0

SOC_. <SOC, <SOC, (3-12)

b3, PR O RE R T BRI S P L P S RE B Th ARG b
TER(KW): SOC Jofik 515 & HHT HARZS s SOC,. . SOC,., 4 B Afit s e 4 1o ol
R E RO ACHFERCRIIE); 7 . 7 S RNFE R R EU(%): EPS Hfk
R & A & (kWh).

(5) FHL PR

PRI 2R GE A0S X R E AR, SEILTNZEE e, S AR ARIR I 5 15 ] DL
IGEAT A, BT 40 A AU A ORI B 2 T 7 B AR SeBRAg o0 R 0 e f
. TR, MR Th R A

PMG < pM < pM© (3-13)

min max

b, pMOAREE MG E M G IITIFEKW): P « P 53585
55 FLAZ 5 B DR ) _E R BR(KW).

3.2 2T REBUFSINMEMEEEIEERE

AR S AR TR L G A S 2T AOAE 2 AR Bl o X 2 8 ) A A R e S 3 R
JE5EmA S 2D R BB R e R B AR, O R 2R AR P IR P S = 2] S0k s B
PR RERE R, LS Ar b SRR B sk 2 ST TR L S

FESE R TN T RSB N ) i R B () A A e — A R
R RE . BRI Je T E R W IR 5, € S #EATWLER IR sh 1 ik %
KM 7 SR A BIE a, € A TR R I R i IS TR DUR S LR RS

19
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DA, BRI T —IRA s, €S, FERMERE 7, .

(1) IR A5 2]

TR BE S 27 =) Bk AT DUSIE I A 1R P8 () A 3 2 R e A ] AR WSO A R B A B
(15 B LA, HRAR IR A [ A AN R R a3, B DA Se 2208 SO Refk
FRPRAS 73 [A]3), - ff v ) g A BHLIR S  [A) /] 5 SO

S, =[R".P" P c,.S0C, | (3-14)

rfr, PEATERZ IS AR II%, o NTER 2] ¢ SE R, SOC,
PRI %I ¢ 1 RER RS

(2)shEZS ]

A2 6] 408 75 58 B P T R S EL 736 PR 3 3K 5 LA BB AL
FURRAIOE 0. DRIE, BT A s i, 2k oh 3 oot 1k B 47t
T DT o o A R TR 2R 0 T3 S o A R T P B 1 2 2
LA

4, =] B", P, P ] (3-15)

2R PSS Jg1Eit 2 ¢ (MRS e L T 3

(3) 32l K

VR B BAL 25 ST e AT DU BT U (5 B, N T S 2 i &
RS U E  SLM5 B 78 2 Ak A SR P BRI ) 2 L A LA
LR FA A2 09 . 85 2 B K e — [ s, 45 2 B K0 B
SCHE . WS S e T B A7 L TR A — R . 75 BARSE R ISR BERIfE A4
AT L

@yREHE B

R ERIRAL LB F, ST N THUR . R RERT S 4
DR MR 50 A RIS, ZE B R E D, etk i, RO FE P S 7
SR DLt R 2 ] 6 890 5 TR AR B0 (A o e A R 2 e 7
Wk A

P[S

| S,.4.)=PLRI B™)-PLRYT B™]-PLRG| B

) P[ct+1| Ct] ' P[SOCH_ll SOCt , PtESS]

Kb, BLCATE 1 IR G0 R Th 3, SOC.CRTERTZ ¢+1 [k RE 7

20

t+1

(3-16)
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R o e 2 ol F 9 201 2 RE Y ) ) AN 72 1k DA B SR R B e B P 5 Bl
IS N PR F R B B AR AR RINE, v 7 — e, /228 el
REREMIINZR, AR N SR AT LR SR T AN B 76 35 SRS

3.3 BHInth

N T BRI B AL 5 5 7R SR L I e R BR NP RS, PR BLIR R sk o 3]
JHEAEE T AE RIS, A — D FER B NI 5 oL TIRE
sRAL S ST RE R BROR, IR AT 2.2 W A R0IR L iR 22 3 Sk DDPG A1 DQN
R REA RTINS, DASEOLRE R LA E HE .

33.1 HESSIHIERSHENX

FEIX AN L SEEG AR S 1 — A e AR Y, 22 4l r AR Y 5 FH P A7 g DA%
i AE A, BB A IS EUNER 3-1 Pros. AT A8 H i e o ok B T IH 2
P55 Open Power System Date. L35 7F Python3.6 il TensorFlow HEZL 4 5 12
Fr, #EATOTE SR . 7 H SR B B AL #E 25 9 AMD Ryzen7 5800H, & K4
NVIDIA GeForce RTX3050,
* 3-1 eSS

ZH HfE ZH HiE
Pt (kW) 0 PES (kW) 30
SOC,., (%) 20 SOC.,... (%) 90

M (%) 95 M (%) 95

A B st RS A E LR G-17) R, eSS AR G-18)ix, IRAS
BRI G-19) R, Kk B s AT AR B ME N B bRt e, anat
(3-20) 7, BATHAREEG-21)THHE .

S, =[ P.c,.50C, | (3-17)
4= B ] (3-18)
p[St+1| StﬂAt]:p[PtJ]:l| PtL]p[SOCt+1| SOCt DPtE] (3_19)
R(S,,4)=—COST, (3-20)
T
COST, =Y P%-c,-At (3-21)
t

21
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