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Research on Energy Dispatching of Microgrid Based on Deep

Reinforcement Learning

ABSTRACT

With the development of society, the consumption of fossil energy is
increasing day by day, which leads to the decrease of fossil energy supply
and the increase of environmental pollution. Microgrid, as an important
part of the new power system, can improve the efficiency of energy use
through coordinated control of energy, and alleviate the consumption of
fossil energy and the emission of polluting gases. However, the
continuous expansion of the scale of microgrid system and the
intermittent and fluctuating characteristics of the power supply side have
brought many challenges to the energy dispatching and management of
microgrid. In view of deep reinforcement learning can deal with
sequential decision-making problems in uncertain environment, this paper
studies the energy scheduling method of microgrid system based on deep
reinforcement learning. On the basis of establishing the charging and
discharging optimization model of energy storage batteries in microgrid,
the energy scheduling mechanism of microgrid under the lack of energy
storage status information of multi-batteries is constructed, and a
multi-objective comprehensive energy collaborative optimization strategy
is proposed. The main contents of this paper include the following three
aspects:

Aiming at the problem of behavior value evaluation deviation based
on optimal dispatching of microgrid system, this paper expounds the
operation mechanism of battery energy storage, analyzes the effect of
battery energy storage equipment on the operation of microgrid system,
and considers the fluctuation and randomness characteristics of electricity
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price and renewable energy generation in time. Then, an improved deep
Q network method is proposed, and a battery charging and discharging
decision model based on deep reinforcement learning is established,
which accurately evaluates the behavior value of energy storage
scheduling in microgrid operation.

In view of the lack of battery energy storage charge state information
during the operation of multi-microgrid, which aggravates the difficulty
of optimal energy dispatch in the system, a multi-microgrid cooperative
operation mechanism is established, and a multi-agent Markov decision
process for the multi-microgrid system is constructed. Through the
long-short-term memory neural network in the proposed recursive
multi-agent reinforcement learning algorithm, the state information of
energy storage in the system is predicted, and the dispatch optimization of
the economic operation of the microgrid system in the incomplete
observation state is realized.

Aiming at the problem that different objectives restrict each other in
multi-objective optimal dispatching of integrated energy microgrid
system, which makes it difficult to optimize multi-objectives under their
corresponding weights, the response mechanism of load transfer and load
reduction demand is analyzed, and the comprehensive dissatisfaction
model of users' electricity consumption, hot water and indoor temperature
is established. Based on the uncertainty of real-time electricity price,
renewable energy generation, outdoor temperature and hot water demand
of users and the diversity of operation characteristics of different types of
energy-using equipment, a multi-objective integrated energy optimal
dispatching method for microgrid is proposed, which realizes the
optimization strategy of decreasing user dissatisfaction and economic
low-carbon operation of the system.

Jiakai Gong (Original draft)
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X IR FEE iR AN 2 2T T D 6% 45 ) B B 7 IRV BEAT T /e 8RN A3 AT , TR BE B AL
I Bk F DX R B AR et T B

EE, BT UREESRAL S ST R M i RE R EE AR . X AR SRR 2 I
FEL O s A U8 2 DAL TR VPA AT U s ZE 35 K P 1) 8, AT X Ao 22 10X 8% ) 45 R AT
S, R TR A P A 1 R S Al T i R R

SVUEE, BT UREESRAL S o] 2 A B R RS BE R AL . B RSB 2 1 b i
RE At HOBR A BR AR (1937 55, 257 25 Tl el 0 A 050 1 [ 90082 150 ) 0 6 R T K e 5
AR, HR H R TR BRI 2 I 45 5 Ak 2 o0 1 22 B I R G I R B AR A T Y

A, HET IR D) SR BRI I N 2 B bR AR . S % R FR oK
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Wi N 22 HARSR & REJR R BERA T, 3R th LT 2 B Amad b ST 2R 5 e A BE T4k
SRS, SEBLR AN HARAEXS B H BB T s LR .

BONE, BASRE. BEASTMVISIAR, T A & Z AL AT
W, REARRIIEIT LA,
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B2 T BUFIHEXEBREEE

AT A QRS S A R B SR . VRIS S SR HUR
PRI . =R SRR R B . O J5 ST A S BOR SR LB 10 Al o

2.1 B S AR

2.1 BUEIER

SEA S SRR T AT 0 B A B LR H SR A A A 1 R 36 O LA SR 2 A
-2 M50 (Edward Lee Thorndike) (124 S072: 1621, At 2 4 AT AR5 3k
IR G 5 R AR, WIS B IS SR, IBAXABIEATIE R
TR, R, XAFHEFTIE RN A S IS . S ST B
H£(Marvin Minsky) K 451X —BE&TE 1954 41 RGE L T 50k 2 210, B {E- TR
2 (Bellman) TEWFFUSRARARH m] BRI, $&H 73T 5840 2 =) AR R shaS Rk 77
2, X BT R B A AR SR B 5 2 T B0 b T IR AT SR e S I ) B
YRR, I s ib % SI7E Dy /R T RS FR I SR A T2 IR B . )
TE 22 J5 1 A Rt A AR R En iR (Bl geit- . BHEEE) , iE
AT —B5EE N AN LRGeS AA =2 AL ISR R, 2 4urE R -
A ARRAE R T8 07 18] 2 — o SR ST (2 ST R A ) T M B 22 S AR B 22 2
AN AR AR R, TRl PR BT 5 FARAE B 5 AR R s (S 5 0 4k
AEHEAT VAN, SN)E I8 PPN RAE SRR B T0E H Y, PRt il 2% o) BA R i
(1272 >0 BB RIS PR 1) 3 L R 77
2.1.2 B/RAIRRRITIE

SAk S STHEZE B e R . BRBE. IRZS. . ALk, HA B R Atk
FIEAZ H, B RERHE T MR BN IR BRRAE R BE, TSNl Hh i v
BB SAF IR (0 S 5 TR BT — e, B SR B Ao PR 1) e e
W 2-1 fios .
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K 2-1 “FRefh-E" 2 HAER

FESRAG 22 SIREZE o, n SR B AR IR BE S FORAS W S /R AT SRJE 1, TR
b2 ST S5 RO S R a] Ry 72 (Markov decision process, MDP) 1651, MDP
WH 5 US4, o, Hrdre SOMBRIREE R, W ¢ EBHIIEIR
o A NEMERE, W N B REANEIE: MR, W (], )
NERE RWEME  JFIREERE] SR, » AR 25, % AERE
KHEE GR35 o SR, RS BIZNEMEZR 70 AT I, RAS
ENAERIA Il e 1A BRCAENE B2 o BB B AE R AN I B B4 4R -y, A
T I BZabny, FRREE L (2-1) PR,

= - s (2-1)

AL ST B AR R R BRSSP AIRES M TUR R E R, =k

(2-2) Fi7ms

H

= [ 1] (2-2)
A e BB BB argmax FosRIREKA M BB W B S EG [
TN BRI
NTVHEERE TR R BIPRES s R, SINVRESMERE, H
TRAEMART s TFAG, B REAR R U NS LR 500 N X PR BT AT 3R 2 T ASRAF 1 S it
LR IERAE . RS OB R BT LR IR
O= 1011 =1 (2-3)
ENE BB T RAEAIRDS s I, RN a, T ORE BEMR AR 2L R IR
WA 1RO T ASRAF I SR T 2B R . BIEIRZASAME R 0T AR IR
(.H)=1011~=., =1 (2-4)

10
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AR 5mAL 22 2] SRR DTSRG 1R Ir) ) S 5 A0 O T R K M s AR A R
Bor i, HSORRIZENEREL  (, XN HE R AR, Wl (2-5)
FT7R o

(. )= ¢.) (2-5)

U SR BERE TF S A PERAS L R B st DL s A A (B e 250, U0l ASRAS B L 5

M, SRR R0 g R EEXT IR e e BB E AN R B AT HERA 1A T

R R

2.2 s F I EMBE AR

2.2.1 ShSMRNEE
A MENF L (Dynamic Programming, DP) AJ BL43 R Helg AN E 24
W5k, Horh, ISIEARRITIE D WD 5 DT RIS Y, 58 DT R
WSERT: o FESRMR PP AL I B, AR (B e B i HE R 15 2
O= 10+ ) =1
= (He+ . 1) ()) @26
] B CHEATIRAR, AT UG 2 2 1 SR A e . BeAh, R SRms SR T e B,
ATLGEIERN TR s, e G6)= (), MW (=T o8, TEA
FHBER . BrLL, AT DU ] 52 O SRS X Mg HEAT S8
'(s) = argmax,Q (s,a)
=argmax,[ + . ('1.,) (9] (2-7)
I B IS AR B 55 3 5 3 A I A e L R 2, AR R AN I R 3R
WA, 2 1) i 10 SRS 1 77 1) 55 -
O=  {CH+ . 1) ()} (2-8)
222 REFBEE
B B EN FEATT LUE SR ER A MR O R, X2
KU N RAAABERH L. SR RI%EIE (Monte Carlo, MC) , HSLaie
MEEI (2-6) UHE KB E R, EAERGIEADREPMERE, A FHER
I SRS O PR HEAT 22 UCRHE, SRR ARE € SCHHEL,  w] DU IR OB B,
X Fh 7 21 2 B 45 Rl TR R A T . BARE:
()e (50— ) (2:9)

11
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b G FoR BB, () REFAH R E .
223 MFENEE
I ¥ 2243 553% (Temporal Difference, TD) ¥42h2HIRI kA 5245 -RIR 51
AT T 456, SR RISEEARRR, B P20 B 7 B 28w
WAZEA, P LLTER REA S IS B R P A T E N E R ¥ (2-9) U
UN(s) &4 e 20K, I P 20 B s 3 A 0N
() I+ [ = ()
= (. )+ [ + D Rl G ) (2-10)

(
B+ () )= () )BEFRONRTF £ 5r1R 2 (Temporal Difference-error,
TD-error) o

2.3 RE N,

AT EEA A TR ST IR B DU SNE, AR R R A B 2 [R5
F W R R R R DL R S S RIS SR RIg L. WP B FiE =1
Sthitam b ar > Sk, N JE SamA S T N T I e R R AT P LA TR 1 T
Feorpria M TR ICIT 1Al .

12
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£ 38 ETREBLE AR MEEE T B EE ML

3.15|8

NS EARA S HBOE b, A ERS KR R n] A R, SN DG s
BHVEE. RN, AR E VE2 O H R T 22 B B ) R G ia AT I TA] ) H I T
fipit ok 1R Rk . Oy T BRI AR ARSI, SR T A R R
T REVS A Fi 2R AT SR A7y 2R R Al L P o e R R ik 150 26 0 R TUHUIR S, 7T
AP ) A REVR A HE HH T A8l (R At RE PR A FL X A3 AT RS o F T ] 1
A BEIRUR HL AT AT e SR AN E 1), e 0 A i 5 e e 1) 78 TR0 F SRS FR A
HL R AT IR A ) A SR 1) o H I A KRR i e 5 >0 BRI Tl L A
A GURER I L, (EL2 A 20 I 2% FOUII0 At L, ] 9 900 € X0 3 A 4L 1) i 22 2 S B0
UASR A S5 D0 R B2 FA) e /e Dy 1 SEBILARA P P 2 9 E R FEE DAL SRS, A 9 R ik
FEL X ik E 1 2 70 T80 R TR B LA s SR, i POk TR Q 48 s Ak 22 3] BV
XA R BEAT SRARE, fi i 8 T 7 LS 96 0E A B4t 80 8 2 SR T DL s IME &R ¢
IBAT AR

3.1 REIREEIAR S 6 E IR

3.1.1 AR E R
M SRR 3-1 . B HIGR R B R S GRER &M M . )
FEL DO 1) N 2 RS TR A8 T AT R i T &

- - - y — - |
| A A |
| v v |
SEPLAE
it
| pe | T ~ |
| — - |
| [ 1= |
| R |
(D G I
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P 3-1 ol R S g 1

D eRK &

TEATSCH, AT B GAR K B N o ) R G A o] AR BB U . R Kk e i AT
LR 2 205 Hhel:

)= () (3-1)

X RON ¢ W ZIROR BRI SR, Wm? 5 S A B A B e B Fr) T A
K PH % S 58 P 5 R TR AR R SR AR A K B e i T 28, 1 3fe LA AR U ri R e 4
o, BRI ZDERR R TIE,

2) fERe

fili REBE R HH &8 VAL G, mT 5 HAT BE AL AR S0 1 1 P P AR R R R AT
RIFHNEEARIIMER, DRIEGCR M AT SEMERI 2501 58 & il 7 o D) %
Ffig e s R SOC (State Of Charge) 265, ffHE B & Fe i AR A RN

(671,

= +—45__ £ (3-2)

v eh Nt BAERE BT SOCs AL 45k ¢ I Befi g 150 4 78 HL R
HURASE, FMERN 0 ZoRkM, N 1ERIE: M 5l ¢ BB RE R &
MIFE AT I ZS . A RN RERE R TS EAIBOR R s ufERE iR
HIEE R A NI EIEIRE .

3) filRE A IR A

i e B A AR AL A 1Y T 2% R8T 3R R W8 2 Ak, X S S I AE R b B G AT
DA7e RN P T8RRI e i R A RSB AL AR AR Y 1 O

()=— (3-3)

e RRMMEIYEP A I A A
3.1.2 o)A

TR P BE R ST BOR R LI AR T, 58 B R G 2 A AR E M 5 B S A

IVAIEAR S C o
1) i e P& B 2 a0 2 SRR A
0s < (3-4)
0< < 1- ) (3-5)

14



8 W YN T e VAT

< < (3-6)
{01} (3-7)
Hrep M A RE B B R SR A B D), SO IEME: M
Rtk RE % SOC HyR/IMEMBR K. K (3-8) KR [F]— I Bt A il RE e 4
ANBE I HEAT 78 AT TBOR 3R
2) TR RGP L R S

+ o+ = (3-8)

= - (3-9)
Hep RAENE SRR SRR, ZITE 1 PV A IR,
FEREREBCR AL 8] ¢ (N Zh %, I ¢ i B oK
Tl L WA RE PRI AT 18 S AR AT A O H 1Y, R GEI AT BRAS B S L X Y
ey P RSAS R i BE B SR 4B A AL, T AR IR -
= 1 ) + ()]

5.t.(3-4)-(3-9) (3-10)

Hrp ( )FEAM R RAAE ¢ B 2 LA

3.2 A BB TR B A A B

N T SRR I BE AL, 56 R R ) R A O By R AT R e S AR
SRIE R AR S B oR B . O TR HEPA AT B, AR A8 F B K38 22 e IR
fF Q M #% (Maximum Mean Discrepancy-Deep Q leanrnig Network, MMD-DQN )
J7EIOS, ZFLRLE DQN SR Xt RARER A AT A, @i
P 2y tH R AR IR TS S, S sE B A5 B RAR R MG B .

3.2.1 BRATRRFRILIZHE

L BEF ARG HPIRES « BIAE 2 J5l R B0 i H X i B8 2R Gt A FE AL i) R Ak
N R Al RGPS . AR R .

WETH: RSCTAEER R E | R &M RS
FEAN (). REFMHIR N

=L . . . ()] (3-11)

15
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NEZEIA]: RSB A E ISR M A R B I Th % . SE = (IR -
=[ 1 (3-12)
AR A 2P R B B R R GO 2 RO R I B T AR, DA
R LR G . AL R HEH IR A -
()=« () + ())- (3-13)
Forbr SRR H AR I T R AL
322 RAHEERRE Q ML
H TR HRATERHLIE, & R8RS IR MR AR B LI, 2l
STTERT R ER R AR, SEREE 5, BEIEE Z IRN—
GrA, RRZNE AT, Gl 2 o) S i DUR 2 07 AR AR AAE 23 A (1 354E:
CH)=1CH+ [ (3-14)
A vl SRR B DUR 2R, & — MBS, E[INEERISEE
Fi5: R (na) AEIRE x FHATEIE o RNME:  NIrinBE T P REH
B, R AN I ZPRESABNE.
{H A SR AL 2 SIS RARA AR AT 0 BRI AR, T I AE,
{E AT VUR SRR — AN BELAR BB B Ah— AN BEALAS &, B — A 40 Ar
5 R 53 AN A
(.)= (. )+ (") (3-15)
A AN MIRES-BEAL RS
T MEEREARTT (x, a,nx) a) b x REFVRE, o £ H1T301E,
r AT, xR T —IZPRE, o NI ZIZNE. EENRE Z 19500 5 ik
NS, B—ARERNC () = BNE GENAD) HHIURE
i
=+ (, ), a,... } (3-16)
FANZEC () BT AR Q1) B/MERKIIEZ R (Maximum Mean
Discrepancy, MMD) BB 334E KRR BIE 40 % B 3L
2(C ¢ ))=0C D=1 ) (3-17)
AR B ML MMD ER B I BB R FOR 1 2% pR 8, BB IE T B 7 120&E i
AR LI MMD WHE 73 A 540 2 S KR il . 25T MMD 777 DQN #2465

16
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A FL RN

B 3.0 RRBMEZERIRE Q ML

BN RGEVIRRE.
WU . RRIR NG,
ihate: ROrEN. e Rk (Flin, &l RBF %) Fr8iAT [0, 1],
Fo. BENSZEMX M. EML . HERMZ -FEEE (B, -greedy TREE

1
wrt. ()= _; -(.), o+ )
1HE , ~ -
2 For t=1,2,... do

3ORMEE ~ C1 o5 FERE ~ Gl ORRE - Gl )

4 AFREEEHEEC 0, ) BEBEGEX M;
5 MEBZMX M R —#EEAEAR (ka1 XD
6 EIIREHE =+  -(, ), {1..., FREATIEACE B, o
1 v
“ - =1 _( ' ) 5

7 HEEHEMKSE - — A 2 €0 ))=0C J=1s )
8  EMHFHIRMZ ~ ~
9 End

33 HESER SR

33.1 (hEXKERE

RS, Pl— R, SARB 1 /N IREEAZ 2% 1)
WNHSHREWT: FRINGDKAN T=24, ZKMAEFEHN 10000, R
oy 32 MK ] . MMD-DQN H# 2 [ 4% (RN JZ A 4 MG TT, RRT
4 NHEDIRES: BOBUZ A 64 IMATG: HithZA 32511 MIE T, X RT Bl
RS IE P 10 AN E . S ) BIE MBSO BT WAL )5 ) %
=0.001, AT =0.95, FFHKAEEN 64. AL CIAUEFT B E NZZE AT L
S 5 A SV A L ) T AR e )1 R BB A B LT BRI i RE R G
B2 3.1 s,

BRI RE Q M4 (Deep Q-Network, DQN)I®, XU 35 iR T Q M 4%

17
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(Double Dueling Deep Q-Network, D3QN)"Y, i5t4% 57%(Genetic Algorithm, GA)[7!
® 3.1 EASH

EIE S HE

fBRE RS REIR AR  GGu/ D 171
fRe & Am A GR/KW-h) 4996
e R E LR (kWh) 5.60
EREARHEINZE LR (kW-h) 1.12
HEE R 0.95

LGV E 3 1.02

il Be & & I A3 an i HH 2 o 0.99

ith BE 150 8 T T LR B5E S 400 R AR 4% 0.99

332 MEBE AR

& 3-1 th 7 MMD-DQN. DQN #1 D3QN Mgkl fE. fTLLEH, =AM
VRIS S5 2 B AR TF A I G T, £E 500 M YINZRIREUR B s, 45 R&
i, MMD-DQN J5 &R S E LT DQN Al D3QN £k,

-3400
-3600 |

-3800

=_
5y ~4000

-4200

-4400

—— MMD-DQN
----- DQN
—— D3N

-4600

0 200 40Q ) 600 800
VIIE:3Y i

K 3-1 i RFERIGERE
N0 PR MMD-DQN FyERRstE, & Xl Feks:

]
—_=1
— 2
| === (3-18)
= ()
\ = ()

A NWSISIE:  NTEIRER § YIRS (225, 8 SERR R 2 g AT

18
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A N NGRS REL BRNGRRIMGE AR eS0T % VLS
SR K AH VAL e NI
R 3.2 WSHEVF R be Xt L

i
MMD-DQN -3481.93  19574.54 -3307.28  -4367.52
D3QN -3635.97  20963.74  -3427.19  -4563.73
DQN -3717.62  41566.81 -3431.84  -4633.27

R 3.2 AEAFEINLR 1000 IR SR B TEReTabR, MR 3.2 1, FRATATLL
&%, @i MMD-DON HiE3RGH . R IE T Tk, X
i MMD-DQN 3 B A B i St fE . MMD-DQN 5% [#1Cy 24 DQN HiZ:
1] 47.09%, D3QN 5% 11 93.37% . % B MMD-DQN 53 )| Zhid FEAH XS S A2 e
333 RAEBITRAITLLER

N T IAERT MMD-DQN (4 X fig B TR FE AR A 20, AT HET RGuis
ITAX T . B 32 45 T — RGO, i, Bl R AN % 1 4K
P21,

—— P =24
—i— load

250 - )
—e— Price

e
200 -
=20

130 =

100 =

hZE (kW)
AT (WkWh)

4] 5 10 15 20
/N Ch)
B 3-2 SBARAH S Al e T 0 F A A% 1) 1 s

] 3-3 o 1 LR AS [ 38 B2 D7 V25 Nk e 0% 1 SOC. 45 -2 W], MMD-DQN
SREAS B 70 FL/ R SRS P DLEE T AR IR AR I G I se v i, AE AN e DG S 38 im ke
L, BRI, R RS AT AR R KA. AHJZ, D3QN 1 DQN Hik 43 3 (1 5
W AEAR FL T T R AT RE 2 e HE, BRI R B BRI A . T

19



GRUTRRE R L 2 A

GA J5i%, ‘BERA AR ER TR 2. B, =M %m0

TR AE N 2
M- wRE® s
( 75 R TH 0.75
| e |

WEw ! W ()
(2) MMD-DQN (b) DQN

I L

M wse |I Y e k) I -

THEE (KW)

Th 25 (KW)
L2 (KW)

fir L2

75{ HE TR 75 EE FEH
i) &

100 : 0 -100
g 2 0 5 | 5 £l

B Wit ()
(c) D3QN (d) GA
B 3-3 ol Fi R fidh E A TR SRS
RIZERTHHAAREZEN - REERA. &RKY, BILET
MMD-DQN (] S B& AT [R50 W S T2 8 RO RIS, 70 B D3QNL DQN. GA 3f
BHIRAMK 6.01% 9.29%. 22.40%.
F 33 M MEAT A

AP fil BE4EIE AAS T WA 78 A/ TT
MMD-DQN 146. 64 3179. 12 3325. 77
D3QN 78.55 3460. 12 3538. 68
DQN 172. 82 3493. 42 3666. 25
GA 128. 31 4157.74 4286. 05

BRI 45 R, FET MMD-DQN Y SR ] DL i i 58 B0 A6 78 T80
Th AT AR B M R SR AT AR

20
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3.4 KB/

ASEERIETE 1 e I m (1 i TS TP 3 U T i, R R ) R D By UK
IR PR FE . AT T —F T MMD-DQN [FI1E 75 A7 5027 > 5 X i
AETE I R EE LA B ADIOR R RE RR E T %8 - I LA RERW], S IA REHEAT5
AL, 2T IRRENS D B 2 I R GUBAT AR

21
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£ 48 ETREREE INSHEMHEREIRERMRL

415|5

Z i I 22 48 (Multi-Microgrid System, MMG) & —Fh 2 1 1 B 7 /0 & 25 8y,
© 2 AN IR R R (Microgrid) 4. BEANMUE WA B J— AN /N (i
NRG, eI TS E RN REFPIET. 2N RGO M
FETHBYUEL ., BB EMAEE TR /), XL RV e R m B AR
U IEAN GEIEA F 277 Th A Y, DR A R 2 30 2 Al D i R
TR AT T BT o H RTIR BE SR 2] OO 32 N T 22 fl Fh D e ) i 0 2 400
HRAR D 2% R 2 G0 W R G0 (5 B T P B R ) R B 1845 52 BR 5 88088 43 i 2k
ItE . UL, AN £ 2 b ) B[R] R U5 R BE R AL A, sd i 2 H 1 2 Y e
PR 5 ] FE AT B ISR M, B 5 EAT 0 B9 H8, TR 77 P Hh 0 e
P 3T 11 22 B0 eR I 3 [ TR 58 S R s k2D R Gis AT 1 FLRE T HE

4.1 RGAREEIA S 0] R

4.1.1 RGiR Bk

LN REHELL U 4-1 PR BATEIE=EAFORM RS, SN P 4L
BEFEER NG (PV) B KIJIREEHL (WTD « R R 0. MM
DATE BT REVG R FELARE IV P FELBE AN 2 e DA 32 P IO o ) S L TH 3, 78 2R 40 PR T 280 0
A DL L D A A TE it e i & R o TE 2 TR N RGAE D RLSAT BB, f
Z IR AT AEAT T 2R A8 He o fif B PT LA JE I 7 PRI T80 P P A SR AR AR L ) R
ik H A N ThAE . AL T 20 R B AR R B AR R, 7R R R
BRI, RS IFER D,

22



LRUTRE R 2 A S

A

HGAEY) Tl FEL X 3
K 4-1 25 Mg E

4.1.2 SR W B E IR B BE L AL im) i 4R

L R B PP B2 A AN AE JE 5 22 Ak i R 2R G Tl X R S AT R
REVR A L INRFVE EAT EAR M, A0HE I Hi R R A AN 0 S M F X PR R L
R DLSE DA HL AE T8 481 10 A F 19X SR IR HEL E R T 21 2 i L R 28 ¥ A 1 R R FLE B /D
R A bR ZHCEM RS H bR Bekik A0y

= Y A (4-1)

= o+ = = C .. = ) “4D
=C ., + )A (4-3)

o= A (4-4)

= ,, A+ A (4-5)

23
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Kb AZMMMASMNERMEEL R . . B
fh ) O B0 T 1O il 2R G s L s L AR AU
e AR ERE OB RS IR, MRS
R FUORIEETNE R HLALR T R R ThE A K
N P AER I ¢ FIRORI ) R T RO e
W) ¢ I BRI 7 B0 G e R TR

e AT A RO TR 2R B, T NI AR

= = (4-6)
o=, O=s (4-7)
X M Rl R RO AR A ELZE R /N AT A K T A
Co AT BRI ¢ R iR Fe A LR N R R K H R
fili REZ TR 2 BE25 SR A E R G AU T T A AT B B 2 PRI
0 = , (4-8)
0s = (A=) (4-9)
= a4+ . ns -t (4-10)
= o< , (4-1D
X BUE OB, Hr 0 RoRl, N1 RoRwEd: 0 M
AR GE M i i HE AR ST AUECR I BRI RonBrB I i fi REBE I
WoERRE: M 2Rl se AR TR i LE ¢ 2R A e
ARG AR o AR I G i BE R G HUIRAS B _E PR AN

TR
L s R K8 Bk L IR T T P R 3 /M, AT IR 25 RS Al F ) ) = R PR B
HLBEMITR O, L5 280 L A AN -

0= (4-12)
o+ =+ = (4-13)
T R Y 2 ) A B 5 3 F R ) D 38 A8 Tt i 2 T 40 R
= + ., + . (4-14)
o< = { . )= (4-15)
o . =@- ) {. . } = (4-16)
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. = ,  # (4-17)
AP ONEAREM R, BUEDY 0 BT, 1 AR ¢ MR K
JHEREU A, 0 ACRBCER 1 R j PR TR S (4-17) RoRhiH
W& MG R AR R R T R A5 T Rl R TR A e I R, HL
{12, ,N}.

4.2 ZYEMNERERIBEEMUE LRI

N T AR TS AN T 22 TR W EE RS, o ot TR SR R A AL
G AN B /R Y R e SR AR o SR 158 P A TSR T 2 A £ D) 2% S0 5k S AR (45
B, BT 2 BT AL A S SR T 22 1 R R P[] REVE A P AR LA A
4.2.1 FRGI AT B /R AT RIRFKII T2
B 43 A LI TG 7R A] R e 5 i (Partially Observable Markov Decision Process,
POMDPs) i # FJ DL & MDP Jial #5 Ff) 4 {1, 300 7 U0 I8 R % 2 (R IS Y
W%, POMDP i@ r] HZ G2 <SAPRO, >, HPHERETEN 5 =
[ 1 2 . VAFTEREERAMECGIET ], N NS EGE NG N
KRERESEBRE: =[1 2 I AEREGEERKSEREBDZE; =
[ 1 2 . DIAFTEREBARERS RHIDRE [0, 1A A T, FRoRAFR
KA FERE R sEm . FErh B AR s BN -
(.. x x 4 -[01] (4-18)
A0 RE TEPATEEGEE BT, HIRE R F R —ARE
w1 TR . B RER IR IR SRS A G, HIRS R ZIE 5
YESEA , DA BRAA ¥ 22 il [m ] 48 7T 5 SO«

= [l =, =1 (4-19)
Ao=[ 1, 2, DABGHER, BNERAREIERE KRN
(., ) x -[01] (4-20)
B, BHEAORSE R S S EE R BN
D= [+ () =1 (4-21)

(.)= 1T+ (4 DI =, =1 (4-22)
X OO, )Y RRSHESMEEREL TN ERS SRINE, K
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DUR & 75 REEATIEAE W

B AT ST 22 0 R X P R BE VR R FE AR R, 5 SO AN RE AR i HIRES
EINEEEESEIESTE @

EJRPIREE N 2 RIREE R B RIS E RS SASCR AT
FEMII Z o, SUBOH AT R L AT EAE IR HL Zh R L Rt e fg HUIRSVEOWIRES, &

Befk i 76 ZBRICRES KBS RA N  ={, . . . .} HEH
B BRI AR, TRAEE ={ .. o, . )}

JEEBARAS A 8] ok X AR Gt 52 3 T P sl s o PR 1) 1T 3 SOIC TR IR 42 =)
ARG, AR SOR R REVR il e RS N 2 2 T IR ECE IR 1015 2., B RE

fhifE I RS SR A TR | ={, . }EEHEE
RERIUR M, AR ={ .. 5. . ).

ZhEa e SRR A B R IIR G BIE 4, ASCRRB M R ST il fE
B MR T R AE N R, BB A B2 B AE R R N

=Ly ELEREEEN ={ 1, 2, )
Kbl Rk A () MER Iy, — BRI i L0 AR N AR A LR
PREIA R =, — N AR AT - o Hh DY 2R

P A 10 2R 8 U 22l 1) Dy
422 L EREKRBUFEIEE

B AF S B 2R A4 ) R PR 22 3 e AR P 54 2% 2] (Muultiple Agent Deep
Reinforcement Learning, MADRL) . ) 3 2230 . 1445 MADRL J5 1% B AR AU
TR B AT SO 18 55 i) o R IR 2 > AT, K4 11242, (Long Short
Term Memory, LSTM ) 38 YA 125 ) £ 3 i 412 X 7 50 5028 5 41) 2 AT FRTRRAE 27 S B
[B] PP B AR, FEAR U T 2% IR I A2 2R nl /. A SCRI ] 22 8 e et
VAV 1 5 1 S & B B (Recurrent-Multi-Agent Deep Deterministic Policy Gradient,
RMADDPG) )% B RER B[] P s B0,

N TRV A v S B0 E B R B, SR T — R T LSTM i
A2 RR 2% 1) 2 B RE AR T 5218 Cactor-critic) #8RY, ZAR R A5 A B S 11
actor FVFN SRR IR critic PRS2, PN I 26 22 2R A% o A WA B A8 FLATSE 3
S8, RN ZRRI 28 G R . Fi4h, LSTM 3 - #4824 3 3 72 I 2520 3R
PAT Z HTIE I FE)E h (S 5, 37 T MADDPG ¥ actor-critic HESE, iXffif

{1,12,1 ) ,}°
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Z B REARTE SR 43 v WMRAS R RE8 58 ot 22 31 A AT R A SCRT R SR )l
SAEZL NP 4-1 Fiow, i ARRS an &k 4-1 Fior.

& 4-1 RMADDPG & VEHEZEE

B 4-1: 228 REARIE VIR P2 Tff 1 P SR s 9 AR

BN ROVIEIRE.

B ARURIEE SR,

¥idatk: 3% ={ 1 }ow={ 1} actor M. critic %, 2B R
1 For JIIZxx%i=1 to M do

2
3
4
5
6
7
8
9

10
11
12
13

14

Fort=1to T do

B o
For i=1 ton do
AN = (o VERERER L KB0E;
End for
PATENE, e IRBE -h A3 S AR AN B 1 32 B r R8T L O 5
EH R E R = LSTM( =, [ -1, —1])s
AR 00 1 1 1 1 2 20 20 FIAKIBR;
End for
MEZERE R AFRFE— DR FEAS
For t=1to T do
FEHT Critic W45
= L ICCa )= )
= + (.« O 4
K3 Actor W %%
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()= .0 C- IN=¢_Hy - )k
15 End for
16 End for

Horp i RoRE i DMRBENR; « RonI 2], ORI REAR 1§ 4E ¢ 2R3
TR AR RIS . R DMINGRE BN, E e Iah D A5 B o,
SRJE I RV RAAR R R T AT ENE A B REARYE B C s R SR
B3y, WERREANE BEAA ™ A2 1) B2 2R AN — I 200G T I W, S5k A
B REAR B AN BA T AR 5 25 I S5 S g AR R AT S A 2E A iS5 . 1, TR
REMA SRS B AR A A7 il b B0t . ARV GRS, B e e it
RE RIS, RIRIRIELIR 75170 3T Critic MZ LK Actor 2% (Y]
BOIZ, IR N LS8 Critic MRS, ARYE SIS KRB LT S35 Actor M
KIS

43 TESSWSER D

431 HEXKEE
PEAGHEIE =R, B MGl. MG2. MG3, I H AR a4
PV M. WT. Fakfffiae s, SHMMEMAAEER:, %07 5 RGIEM e 15 & i
HURZAS S BRI N7 . N T T ES i 25N KRG AL, A7
A [ R Bl R D (R 40 B Y [ S 500 T35 4.1
® 41 BEASH

2 18

/ 50

/ 25KW
200KW

/ 0.99/1.01

/ 0.1/0.9

AT P SEBRAG AR DA« IR R Dy 3 AN G g 7 SR B A Dy S0 i), dx ek
Bl AR G N CE — k. BRI, IR IE R B B o — S, BlAt=1h. L&
RSHG MR TRAE — AN (8] 50 A RSP JAME « =AM I AE — R ARG AR Th 2 A
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GRUTRRE R L 2 A

P RALAPIE WA 4-2 Ffror, e rp i G i 2o o 70 S0 25 mT A REE el
IR

—— i
—w = AT
R

2200 " o

=

=

7| A
SN
M

0 5 10 15 20
B [A] (h)

(b) MG2

~ /
AT

o

D 10 1o 20
B[] (h)
(c) MG3
Bl 4-2 A FAE REIERA G fur 477 B AN

FEMERE . 28 BR AR IR L € 1 3R WS B B (Multi-agent Deep Deterministic
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Policy Gradient, MADDPG) . 1§ ¥ ¥ & #fy & 14 5 B B f¥ (Recurrent Deep
Deterministic Policy Gradient, DRPG)7) . it 37 7% ¥ Q M £% (independent Deep
Q-Networks, IQL)"7],
4.3.2 BIAMREXTLE

N T AR FRATT AR H ) 3 T S ) SRS AE MMG 2R G5 v (10 5 1k RE AT 1 1
TE RGP AT R, ROV SR M B 5 B ME ST T iR, %R 4.2
N FAENGRL AR AT 21 M e faAr .

® 42 FRWEHERER

Bk e/ ¢IE| FEME TN e
RMADDPG -47.28 -50.05 -46.23
MADDPG -49.40 -51.21 -46.64
DRPG -50.08 -53.78 -47.64
IQL -54.31 -53.57 -50.69

M 42 LS|, (£ POMDP 3885 K, ASCHTR S0 A IS S8 73 3 e
MADDPG. DRPG. IRQL H L% 4.29%. 5.59% 12.94%, HiFM) 73 M K18
[FREAE T HAh 9% . XK BH/E POMDP 345 F, RMADDPG i b HoAh 5k A
5 ) B IR S
433 HEERSH

T F R B M RE VAL RN R G I EEAT 9 404, BE T #E POMDP 3553
T, %H RMADDPG 5: 7] DUSKEN MMG R 41 RS B IRAL SR . AN
e, FRAVTHs L S5 38 () Bl R S S I, AR TR Y R 1) T L X EE R PR TH R

K 4-3 FIR % | FAS B R TCE EAE S M i B DIRE. X T MGL, K
F RMADDPG $3KI, A v W 98 B 1K 3= 90 oL & () D #6 B DRPG AT IQL SREAIK
20.14%AH1 69.41%. %I T MG2, it iR 737, RMADDPG Sk fig & 1 B2 SR g
T H AR, ThFES Itk MADDPG. DRPG Fl IQL SHiA MK 4.46%. 4.53%1
13.77%. % T MG3, RMADDPG 5k DIFE AL, 435Itk MADDPG. DRPG
AT IQL HVEK 7.3% 2.2%M1 6.5%. X T RSt Th¥E, RMADDPG [HII#E5>
Jltk MADDPG. DRPG 1 IQL HIE(K 5.56% 4.3%FH 12.95%.
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GRUTRRE R L 2 A

B RVMADDPG
2500+ sz MADDPG
A DRPG

R )L
1 2000 -
=

"

4 1500

1000

HFER X

2004

155, 10 158, 44,9033

ETHAS

K 4-3 BRI TR E R B4
Rk, #£F RMADDPG i & 5% v] LA SRR RS RE T e, sE3l
POMDP 435 N 2 W R e /Ns AT SRR H 1.

4.4 KENE

FEATETT A, BATWETC 1 ARG Ak REGT AR AE 2D 10 2 Bl i X Bty R RE DL
FEPEAL TR, & AR AN #0820 AT R By R AT R PR HEL R o AT P A e 1
25 L8 TRINER R A5 B, MIEEHRE T RMADDPG 58 4k 2 7 1) 22 43 e X 1/ 38 00 A e s
PIRAREY, SEAHEZNACRIBHEL, 2RI EZ KRG .
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£ 58 ETREBRUFEINESERMEMEERBENIL

5158

B e BRI AR, 2 Rt RE T SURENS SR BN ZR & REVRIVOE M 2R
gt, SKOLZMEEIRI TS AN, TR G REIRA AR 1 L B SR
REIRAIIL R, I E RE Rt B B RIIERERE /1. BRILLASN, Z3& REVRINCE M
RGBS 2 REIHHAT IR SIS AT L, R SEBLN B AN E TR S s I X
FL L OGRS HT REVR A LI R AV 4 o LA, T SR FH 5 SR M 82 SR, e FH SR
PUBOR M I [ 77 IR v x5 BE DR IR L I 2R G i) ] Sk 25 R B S FH P R
AW FEE A KRG, ARITRERGISIT A P AREE. 75
QSR =A BRI, JF B 2 H Arsm il o S SRz s R gt AT 3k
fiJr I8 I 07 FAE B S Sl H AR AL B 2k

5.1 RGHRA A 5 0] R

5.1.1 RGREEA

LA BRUR TR N RS0 R HZ PRI S TR I AT N R 4, K 5-1 REsE
REVR A R D RIS o 25 RE VR B FE I R & AL G KU IR AR HL(WT) . JBR(PV)L T
RRECHLMT) AAZH AR (HE) @ L(AC) . B AP (EB). HLHIAHL(EC)-
BASAAN(GB) BB &Rk, ¥4 i I (CCHP)Y B G R IR FE L. AT
Hag . WAL KRG T IMERE B R B A =FRAY, BIHIMAEME(BS). #uff
fili(TS)FIAFE#(CS) o LRA RETRTSR N S FE L. #4, A fdl. LG R
T A 32 28] = F D ) ST L g 5 A AT DOZE B R AR LA W) SR AR A DA A T A

1A R
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LRUTRE R 2 A S

R HHL A s HL i i
ey
i e

et

AR

=
&

\/ : m: it
WA A B T
At
—— —— —— —— —— —— —— — — — — — — — — — — p— |
KA i e wi

S-St BRI PR R R G4
1D AR =B A
AR I B = s TR AR AL . R s AR U A B . Y
TRECHLET LB AL B A RE . A 43 /MR U A AL AT DU R SR F e ML= A 1
JRRFGA RN/ A R R, A =t rT DL B HE M ae R % . diREe
BB B T 20 7 A PR YA TR 2 8] ) o6 2 00 BT 78):
=@ ) (5-1)

o R R LS B ¢ A A IR TR R AR AL A Y
15 RPMERRENIIRE LR, AR,
ZREr RER IR HL X 2R ¢ FAAZ s M AT 7 BILER) B4/ 7 Bt RT DL IR O

{ _ (5-2)

Hrp Mo RAASHRE ARG AL R ARSI, A A
AL A g AR S o LTI ST 7 20 22 5 FE SR A IR R A LAY
RINVTIHAE R R0 F

2

=—A (5-3)
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A RCHE A VR RN A] 1R B o

2) FEAIFORT R P A AR AR Y

LR AP FL VR A A T UK B BE RS Bl e e, IRl TRCA REE R, LR
e e BN A R P o AR/ LV R 2 R RE B I SR AE RN I B ¢ AR E
WAL HAERI

A M REABRP AT HI AR I Zh R A TR A R
PRI A SRR IR A AR AR R HL v IR Y R DR T A
3) R
R T LI I Y A R IR SR AR I BE o R 1% H TR R BLR
SR
{

X M SRR R AL A REAN L fE A R AT B gs A
WG PLEAER R IR TR R M REE R .

4) HL I 5 SR

HEL D AL [ E Rk (BL) MIRPE SR, [l g 7k 17 KE 7 AN REL
R I V. RAEBAT A =80 AlHEET (CL) Al A8 3h s (SL)
AR (TL) .

FTHIR e (N, BB AR AT DORYE R H /SRR . BRRD)E
TR R 19 :

(5-4)

i
~
&
()]
N

a < < , < < (5-6)
Ao Z2THHRE, o =1 RRAEAHERIIZE, o =0 KRR E ¢ ik
A T T T I 5 5 A o3 ZR R AT A e S ) e /N AT
KPR o
AR ) A A e RS AN, IR P AR AME A . 2 P EINTTA] ¢ )
AMEE RS AR AN

IA
IA

{ - ’ (5-7)

=0 , <

Vv

A G B ) A A A
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AR AR (BRI PeAHL) AT LA S I (R R% ) BRI [a] . Fe v
H A B A R A1) 4 T
-1 = (5-8)
Fava e AR & =1 FoREA A RAL A, =0 KoRH I
(A & FOVF IR K AR B F K . IS IR] ¢ (R ] 3 47 30 ) R R MEE A
A AR IR
= , < <
=0 , < . > (>-9)
BAv Ll R 127 FO VR S A 1) I 1) 1) « N S 1) B M
JAR 5 ORI TE] ¢ B DA
A EE RS Hns AT DAL AN 5038 AT S R 3k Anp i AR 0T, 78— 8 B[] B Y 20 Bic 25
fito PALMG, IEEAE AT DASEER IR AIIE Ay o BN IR R] R L S 29RO A] AR U R .

a < < , < < (5-10)
Xha BT E, a =1 R aafEm g, SRR 3
Al I3 IR SRS R i N AR K T ; 17 B AL 1) FeVE

SO0 %) A 3T 5 %mﬁ@t%%%%ﬁo
ISF 1) t R ) A 7% A7 28 RS M AR T DR 7R AR

{ - ’ = (5-11)
, =

=0 <

IA
A

A RN PRI RS o ) H T AME AR

5) R

FEASCH, BATREIE BRI S P 25 SR TR S i Y FE (0 R WA 7%
Gt 35K, IR DU LR, e rp S A B AT 7 SR A 3 RO A 2 SR SR IKHR
S B e R AX R = N A S R R

AOKRT LU 23 A REVR A W B il KA A 47, (A5 88 T8 KL R B)
AMAEE IR S FE o A TA KA B 2T R, ZiHFE— oK, 1]
DLREBAR R0 7K o FAOK BT SE 32 ZEHOR T =AM R TR IR AE
AN IREIERA . HOKBIBR AT DL i R0

= -+ v 7 (5-12)
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X VR RAE e+ A ¢ IR K AR R BRI FETERTE] ¢ N IK I
R RIENKA I 7K iR IS 5 A R IR T M AR R 45 7K AR
MEE. L R ARKIIEE. fEKAE A EAUKII L.
AL MBS, AT BN
== - 1 (5-13)
A RBEFARIIS RANE:  F1 SRTIE ¢ (= 2 AR = S SR
TR BRIR I L I p BE B AR N FABE N N B, TEAE VA RERT N IE.
MEANT TR, FEMGERINE AR DUIR R RFEATIE
=

HITEE . SNSRI RIS J1 S T R -
—=  + (5-14)
R BEAH. SA%R (5-13) Ml (5-14) , HIEEIR AL Py R
DL B HEA T
=+ ( + )@= ) (5-15)
KM, MEEATIR B, NSRS A LR T
= T (= o+ A=) (5-16)
T S R B ATA BE, TR TR I T -
=0 (5-17)

5.1.2 [B]RR AR

RIERE T GE R N I 2 B AR RAGIEE, F H 12 R/ IME RS Vis 1T
A EAABRHET . & AN R

1)  Hire

S H AR 2 PR SR G R IR R I (18 8 AR o 08 78 BROAS B ) S Ha, g
RIRTI A . VA& I AED AR « B R Bl AR DA S 73 T R R K AR . H
PRERHT AR R AN

1= L( + + + )A (5-18)
= +  ( + A (5-19)

= A (5-20)
=, f{o - 7 & (5-21)
=( + + )A (5-22)
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= o+ '
=  + (5-23)
= + '

A RAERTBR ¢ S R IR S mmx WAL A RRER
B—fs b A ARG AATRERA: . M R EMAERE. Pk
REFIVA ik RE 1 70 /TS L T 26 FETERT B ¢ M\ B 21 25 B B YR AR I
HLJs 72 B4 I\ HL DX D) ST FL e P EELATY 5 RN &N
YA s RWEIPRE, =1 R 1T, M0 R BRI,
B IR R A
RIE S B S PUELE P IR A LS, 45 RANE, AR
AL . B AN R H bR R BT

o= (1 +2) (5-24)
=(1—+ > + 3 ) (5-25)
_ |a | |a |
=(1—— % 20— ) (5-26)

A WA ¢ IR AU AT R R G JRTERS ] ¢ IR E Re
IR R KB F1 2R EG 1 o RS S I IR R
B 1 RIS EIBEE R EAE R 5 Mo RHOKIEER FRR
AR PR : e N KRR A, A SR ENHUK
NS S A SR AT 18 7K ST 2 8] P il B 22

AR A B R AR TS GBI, AR AR E b R T Rk
LU

3= _( + + ) (5-27)

P&t EopMEgria 2 AR MALIAFEA . BRHA N AN S i X 1) — A BRHE T R
.

2) MEAIZAR

FERGUSATIERE T, DA% B EARMAR KM, MRS NIRP . 4
A7 2R FTLIFD Ty 2 B 1] DA K% A R 152 % 1 7 T3 P BR 71

L3O REVR AR HL X 2R 077 A 11 FL 7 R DA 3= B IO SR 11 FL 7 06 20036 A2 HL D 75 R
[FIRE, WA F L LR BE BRI B P A I A B R R A A . TEAE
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JEMZZAFFERITE O, I BRSeS A HEURT A7 A 2 8] F) R D P PT DL R T T

{ + + + = + + +

_ .. N (5-28)

A A RN ITRENADR R RS TR SRR ¢
HERSYE A it
AT )T BT 2R

+ + = +
{ _ . (5-29)

A R TE] ¢ B
AT PR A RO
+ + = + (5-30)
A RIS ¢ 1R ff
BEF SR ULA DN PR AE_EFRATNER Y, AR ISR . R bl % AN e e
BERAEXT N1 LI JeRIIR R i IR L RSP A RE AT FL A
K/ Ve HLIR BEAT e KA B /R A

{

5.2 LRERERMEMNZ BRI E R

A IA
IA A

(5-31)

N T IR MR A e IR RE 2 bR iR B SR, 100 7 BRI ALK e AR AL
Z Hbr B/R ] RFHERE ARG 2 B hromAe 2 2 SRR 2 HARgsa sk
FERACI SR AT (Pareto) FIMEEE, il i SOM) TSI L& 4 B, SeBl
ZA FARRT R H AR 1 55 FEALAL SR
5.2.1 ZBERD/RAIKRIRKITIE

Z Hbr BR Al Kk £ (Multiple Objective Markov Decision Process,
MOMDP) 7] LE SUNTCH<S, 4, p, ro , >Ho SRS E, 4 £k
s p Cls, @) RAGIPRE s SPATEIME e EEI T MRS B,
r=[ 1 2. JREA m DAFRBRKZ BRI R R YIRS
%, 0, 1 ZAFMATF. M EXRFEE ¢ FRRES. SRR
BN & . 88 FoRPTA RN HEES, Horb A ROIRAS WL B B A 4047
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R E . XTAEIPRE—IE s, @), RISHIZ HARSIEE KT LE
T
()= 1% +«I =, =1 (5-32)
X ()R mAEMFERE;  RE MHEFRHE.  ZEERR 15
HHGE B2 HERME R R
= o[ Co (o)l (5-33)
X (s, a)ye m ERERE, 2 E5DHR ERE.
WE, £2 B, BARSEMEEMR, RN RS, 2 Bz
RN At — A SE AL 2 H bR fE R AL BRI Pareto AR . A RFCIA S
={ 1.} (5-34)
Horf & Pareto XACK R, £ HIMUAL RN — 45K, X415 4T m
FALHIU
FOTW T LLEIE 2 HFME IR B SIhRE R PP SR #IPERE. XU
REEC R ¢, w) =, BEH—4REw R EA GG BAR IR RsE .
B w A TCR A BARA EEN, TR ETTRMET 1. X T4
SE 14 w, MOMDP 25 # vl LLE XN (s, a» s)=r(s, a, s)*w. Pareto
ATV A PR S TT DL SRS T8 2 P40 BR B w 1)™ 78 554 (Convex Covering
Set, CCS) . CCS #i{RIE S TAFAE— D E MBI HNE, JF B B FAR AR wo
CCS HFRIB T

={ |l .., = ) (5-35)
St T 454 BE VR L A BE B IR 2 1) JL, MOMDP HUIRZAS . ShAE AN 225 ) 25 1) 15

TR

WS ZRE REVRGSCE IR OIS BLAE X1 FE A LRI E DR HL AR A HH T
fERE RSN SOC, iRy AR BUKE . THRMBNMRB TN
I I) ¢ AR RIRZS A5 1A U h -

=
, ] (3-36)

AR A R PRS0 W e B A EE B A 6 458w i B2 oA 2O F I/
A e e B T DDAl RE B BTSRRI R B U AL RN
I TN AR RGP Ih o IR ¢ R A sl 22 TR i R
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: : , . 1 (5-37)

CEEREVRCEE M 22 H AR BEVE T FE O AL AU FE [E I e /M S T A . AR

BB PR .. B, X — A =g E R, BN uEN—A

Hbr. %2 BARAL i) A A SR i K B2 i ek 8. FLrb i 21 ¢ 19 2 J5l e 5
R

=[ 1 2 3l
ey 39
3= ( + + )

A v SR G RIR RN T ¢ I 2SS A BRI R . SRR
HIESTIEA S
522 ZEMRBRUFEIEE

FEATTH, AR T 2 H bR RUEIR TR FE A 72 P 5% 6 2 (Multiple Objective
Twin Delayed Deep Deterministic Policy Gradient, MOTD3)&y2:, ‘& A] LAZEAT (a4
BN IR A g . FTHE A MOTD3 Hidilid 75 2 S il F2 ip R 15 e Kk R ARl
ok ST ARG . & 5-2 FiR T T MOTD3 ) g5 B SR B I HESE .

8,07, 8,,,W))

(R ey o B

(
|:> e

(8,,a,1,8,W,)

" EB-0 — -~ D
at || (oGt |
|

| AR ik
K 5-2 MOTD3 EyE45H

Frie i) MOTD3 5344 & 1 * H by DRL 553%, IR EEMZ M4 (Deep
Neural Network, DNN) % tH 2B {8 B 2. Arie I EVRSE & 7 RIS AL ) DNN:
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VPRI H AR % . MG SEIORN L NS SHERA . W
5 £4 1 BP0 44 40 1 — AM7-50 2 P04 RSP T 4 LA . DNIN f A 3
AR s+ DM o AURIEBLER w. DNN BB E(E A Hh AT B SR
()= [% «al=.=,1 (3
0206 2 P DU/ B T
Chy= o+, ) (5-40)
R s Fla 23 BIFER F— NIRRT —AEIE. R R R ML S5
VPR K R B A MTED B M, LA M Q MREf . Sk R Mb K R 8
K 0 5

( ) = ( ( v )_ ( ) '1 ))2 (5'41)
Z 5EZ M EE a. JATIR SRR N 1 s
= '( ll )+ ) - ( (O, )1_ ) ) (5'42)

X RIGE NG, OMIZEMERS, SHATHIENERFEE — A& FL Y E A
0, BN 0, HEN 1 KIFEYIA . 355 MESH SIS L EH T

()= o))l = () Te(sw) (5-43)
X VG actor 45 S48, MOTD3 J5 VA {3 K SE B 77 VAR BB 24, HARoR
LU

{ - A=) (5-44)

L osa-)
AP REHRE: EHRSEEMERNZSE. MOTD3 Hykr) sl FEm ALK
Wk

B 5-1: 2 HAROUE B 2 1 SR B 2 ik

BIN: REVIHERE.

Bt REVRUR T SN,

Wuatk actor LA critic WZESEL (F 5, WIEHALE D, BUEFEA A6
PEEHBMEA 1« 1 2« 2

2 For JIZxik#=1to M do

3 Fastse;

4 LNEREFEA w~Dy;

5 For t=1to T do
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6 PR R B 31k
= (., )+, ~ (@O )= )
7 RI Al KR —IRE 575
8 gt (sans™ ;
9 M D Pl EUNEATTA
10 = (v )+, ~ (O ) )
11 G.'y= + _, 0
12 HHT critics:
- I G RN ) &
13 If t mod d then:
14 HHSE
(= "1 G ))l= () ¢, )
15 BB H AR R 4%
C +(1-)
e (1=
16  End for
17 End for

5.3 (HESE SEER R

53.1 fHESH

LA HE F EAHE K SRR ThE . BRI AATIFR R FOKIITH
FER GENMIA/KE) o SAMNEFE. FHMPEHEENE . RAFIRRS
TSN DA S 5 BRIR R I R G [ 00500, i ok = L HoKl 2, AR
FEEEFFANENTRE; ZRAKPRTRNENESSEE, LFEAFH

PN 22 R AN K A AN R AR RFALE -
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EEFN

T (kWh)

(b) &K
K 5-3 (i EEHE
15
m
&
>
£ 10
®
%
< 5
gl

5

10 1
iy 18] Ch)
(@) FFEANIKEF
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—~ 40

20

= HMin

10 15 20
ff 18] (h)
(b) EHNEE
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