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MULTI OBJECTIVE OPTIMAL DISPATCH OF MICROGRID
CONSIDERING DEMAND RESPONSE

ABSTRACT

With the rapid development of the global economy, the limitation of
traditional energy and environmental pollution are becoming more and
more serious. How to realize the coordinated development of energy and
environment has become a major challenge for China's new energy
industry. Micro grid can realize the efficient utilization and optimal
allocation of energy by integrating a variety of energy resources, which is
of great significance to reduce energy costs and reduce environmental
pollution. However, the existing microgrid optimization research focuses
on the optimization of economic cost, while ignoring the environmental
cost. Therefore, this paper proposes an optimization strategy combining
improved algorithm and demand side response, aiming to realize the
comprehensive optimization of microgrid in economy, environment and
reliability

(1) Firstly, the research background and research status of the subject
are introduced, respectively from the aspects of microgrid system,
microgrid optimal scheduling and comprehensive demand response. Then,
the structure of the microgrid and the mathematical models of each
equipment are analyzed in detail, including the mathematical models and
operation constraints of photoelectric, wind power, CHP units, gas-fired
boilers, electric boilers, multi-source energy storage devices and grid

interaction. Finally, the scenario simulation is carried out for the
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uncertainty of renewable energy, and the corresponding solutions are
proposed, which lays the foundation for the later research.

(2) In the field of microgrid optimal dispatch, the traditional
Non-dominated Sorting Genetic Algorithm III (NSGA - III) has the
disadvantages of slow convergence and insufficient diversity of results,
which is difficult to effectively meet the needs of microgrid
multi-objective optimal dispatch. To solve these problems, an improved
NSGA - I algorithm based on Multi-Objective Particle Swarm
Optimization (MOPSO) is proposed.The improved algorithm first
introduces the fitness sharing mechanism into MOPSO algorithm to avoid
premature convergence, and then takes the results of the improved
MOPSO algorithm as the initial population of part of NSGA - III, which
improves the global search ability and search speed. Then, taking the
operation cost, energy storage charging and discharging capacity and
carbon emissions as the optimization objectives, considering the
fluctuation of thermal demand and the uncertainty of scenery, the
improved algorithm is used to solve the microgrid model. The results
show that the proposed multi-objective optimization algorithm can
improve the optimization effect of the objective function, and the
effectiveness of the improved algorithm is confirmed.

(3) In order to deal with the uncertainty of renewable energy and the
management of load side, based on the day ahead scheduling results and
Model Predictive Control (MPC), this study establishes the intra day dual
time scale optimal scheduling strategy, and integrates the incentive
comprehensive demand response considering the fatigue effect. By
improving the algorithm to optimize the forecast data, and planning the
microgrid operation strategy, considering the difference of the response
ability of each energy load under different time scales, a two time scale
intraday optimization model is established. In the predictive control
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scheduling of long-time scale within a day, the objective function is to
minimize the demand response compensation cost, the energy purchase
cost and the adjustment penalty cost of each equipment. Each equipment
is adjusted every 15 minutes, while the short-time scale scheduling within
a day takes 5 minutes as a cycle. Its optimization process is similar to the
long-time scale scheduling. The simulation results show that the proposed
demand response strategy considering fatigue effect and dual time scale
scheduling method can effectively reduce the impact of energy prediction
error on the system, meet the needs of users and ensure the stable

operation of the microgrid.

KEY WORDS: Microgrid optimization, Multi-objective optimization,

Genetic algorithm, Uncertainty, Demand response
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L0

S DY E AL TR T ] (MPCD A28 HEE 57 88082 R RN B 75 SR e S, 2
T H P BURT TR R R . A T MPC BRI SR A R R, AR
Ja o3 VR FE T AR TA]ROBE T AR Al ri Do) 1 i 38 R U ) RUFE R i H R S« 7E H
WIRRER, 8T R ENLALH J7 R e R R BE IRk 2% TR R AN 75 SR () B
SRR, JESIN T RS R SR 55 R I R SO B A e 7 LSRR )
BT 7 AS [ 2 SR T BRI IR AT 0L, 45 SRR I P8 SR s R0 Ak AR A A v o
LS SA TR Z, Rm RGN AT EE.

5 LB SR T B EAT T 45, 48 BT J5 VR0 SR 78 A e A A 1
JER A RO TR, AR SR A T BRI ST AT TR, AR A
Tl P S AL (R PR AL ST 5 FE B 2 AN PE TR 3R K PR PR AR A SIS | Y BB AL
BATEH L KGRI R A MRS T, NIELFIRGL T 5%,
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F2E WEMSITEE

b5 2 ERAEP G LTI R AN A B i5 e @il (1 H 23 ™ 5, ™ (Microgrid,
MG) 1EN—Mgi L REIR N R G52 B 1T 2 R0 . S Ml B & 2 Fh oy A
UREVR AR PARE . ABE. MHREBCR S, SEPL T Redi A I ARG E . 2R
P R R 2R GE AN BENE BT v REVR (I DL IR T S PR ANRS e 1, IR REAT R L gi il
AT RER R LA D A BTG G o AL, IR AT FT 2 BEVR A HL X R 254 S FL 4580 %
B = AR X T SIS X A DA S AT R T 5 6 i B B3
2.1 R LS

EhiE
l ‘ HOTEK
..................................................... Lx__ —
.

w®

% BATK
Gk I

=1 ;

T

LN R it Rl

Kl 2-1 i P gt ]

P — AR A PRI I AR, RS T OKBHAE AR (PV) o KUJpiREe
L CWT) | HAERE R G RSN (MT) |« & HIE (SB) « B ## (HST).
BASAR (GB) DAEIRIE ML (FC) o e MIgs 4 EIan I 2-1 Fios.

22 FRBEWEFRBRIBITAR
2.2.1 CHP #14H

P I AL A — [ I A e ) 5 FRE 1025, B RBHIN R SR S FE IR
perb e Ee, SRBR LR L, RIS AR IR RO TR, I 2 At R #ABe 7R
K, BERB & RRUE A R AR &, 1T HLERAE Gt R80T AR LU SEIniE v, 72 Tolky
E A B RS2, BN R AT e, SRR S AR R IR AR,
PR RRIEAI AR, FIRREEE BT, TR FE G R R . AT

.
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HLIBC P LA AZ o2 AL B R R IR A RRL,  [RIIN AL FRE AN A AE, 2
FEIREAEEA HAZE . CHP MIAANGER W 2 7K, B aeA RPN B %e
FLHER SR AR R, SCILREVR IR R, > REVRIR B o
22.1.1 MR BFER
PR ot LD AR A AT 2 AT L DL A 50K R
()= @ (2-1)
. O)= @ (2-2)
FavL e OB HLAERT [R] [R5 H F D 2R IR EE B R LR
)RR AUAE RS (8] AR FE & TR AHE LI A AR
(@Pa St INE LN BEIE N
2.2.1.2 S 5RIP
PRSP TR ANT
ee()= () e © (2-3)
X og( )N GBTE ¢ MRS TIZR: g4 GB #E I IR R B
C RN ARG
o th Th R LA 50N
eemin( )= ()= camax() (2-4)
A ge( )& GT 1L ¢ ZIHAH TR, camaxs  cemin/¥ GB fH TR E\
PR

2.2.1.3 CHP #l4HRY 2 TN R H
CHP HLZH i 2T R 5 B BRI R FE WL A 3Bl 4y, T AR IR A :

O= . 0O (2-5)
e - () CHP HLAHAERSTE] ¢ MRS AT ft: O
FEIS ] £ [T IR FA T
AL CHP R4 2SN # GB KD 1R m I BE LN BE 77, AP R 2
RS TSE
()= O (2-6)

Hr: ORI R E) IR BRI I RICR
o OFRTRIR IR RLE R 8] %\ &
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PRI, CHP HLZH S AT 25 O TR HUAI A = m b B # D 3 22 A
O= O+ QO (2-7)
2.2.1.4 CHP #LLEBYEBITAR
1T CHP () BEPR ), CHP rh & MLAH ) S i Hh D384 P A& BRI AE B T RR
Z IA]
eTmin = 61() = GTmax (2-8)
Bmin = 68( )= oBmax (2-9)
A ormin WAL BN DI grmax AR L B K it B D)
By camin AR BN IR op max d AN U R e K i A
PR SEC AR S A b B RARHE FE 7 2 — 2 B PR, DB DR ELBHEE B [ A 2
PERZ M.
cTinmin = 61() = GTinmax (2-10)
cBinmin = 6Bin( ) = cBjinmax (2-11)
L orinmin AR TR B MAEHEFER:  orinmax e AN NI R
PREHEAE R opinmin 2N B NARHIIA R : o inmaxcte SR UL
HUEF PN PN
BRACHIABR AP I D) AR R TR AE— EJu N, DA B a5 AR 5 4
A 2 A
| 6t()— et =DI= o1 (2-12)
| 8()— e( —DI= e (2-13)
s BRI DR E R ERR;  op BBt D 3 e R F IR .
222 AR
ORE LT I HEAL S SR B RRH ISR RIS AL RE B A O
AE. o DR AT LR
re()= k¢ rein() (2-14)
e e O)RPRH AR (8] BO% H D)3 o RORIAR) I ) R F SR
rein( )R BRRL B AE I 8] (AR &
PRRE RV R R LD TR AE —EJE N, DA IR B % 22 B AT

emin < () = Fcmax (2-15)
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A pemin BRI BN FBID o mascre s SRR R PR B KT HH
R,
223 tifRERE
22.3.1 Efith

& L AT DA R 7 75 SR e W B AT A R IR R N A A RS, TR T Rk Y
ISR R, S ptH TSR R Gl E IR AR BCEIRE (SOC) i AR
FRL R0 F R 1Y) LL 3R VA 152,

(+1= ()+—L8 - axD0 (2-16)

A (O)RS WBRATHIRE:  gisc( )RS MEREREIIR; () 2%
BRI IR gise( )2 BRI, RABME; A RNBRKE:
& I AUE A &
2.2.3.2 ERiE
HST 7 ¢ I ZIF AR # e i B A] DL R 30,

wsT +1 = (1 — pst) pst + < ChHST,  chHST —%)A (2-17)
HST 7& ¢ B Z 1% H Th R 0] LR 7R N

— dc,HST,
OULHST = CchHST,  chHST —— (2-18)
dc HST

XH: wst s wsT w277 ¢ PRI 01 B R B AGERI IR s N B AR
PR BB chpst ~ donst, 78BN ¢ N 2 IGEE B SE I FABAA IR, o st
donsT 73 T 9 B AHE IR 78 AR ANTBEARUE . guepst, 9 ¢ IFZ) HST H%an tH D2
2233 B-AEEHEERELR
M SB RV EERR A,  FSERRA ) Dh AR A% IR E B FERZIA), HST [
M,
() B'< ()= () F (2-19)
. ()2 SBAE  WZIREHIThE, & FNSBEHIThEREK L. H
fR:  os() =1FK SBAE MZRAHRE, () =" LAERHAE MNZRTH
W&, HH g()AREET 0, £~ SB ARE[HES 78 HUFITR A .
A (Q2-19)F7, SB HIF A o & N PR E -5 3V N . SB )RR R 7R
TR BE U AR N A5 R N R 5 — 3, A (2-21) s, HST [F 2
semin = s8( ) = sBmax (2-20)
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0= 24 (2-21)
wst() B < msr() < per() B8 (2-22)
Ab: psr( )2 HST 78 W ZIRHH TR, 58 T4 HST i haRm k.
FERs wsr() =138 HST 4E W2 MHCIRE, 1 wer( ) =— LAUGRILAE 1)
ZIRTIHFIRES, IFH qsr(O)AREFET 0, Fox HST AAE A I il FAs A
sTmin = HsT( ) = HsTmax (2-23)
HSTO = HsT24 (2-24)
224 BRXZE
L (2-25) ~ (2-26) MEEILER, MG 7] DN 858 LRI TR A R
of BRRBY, 2 (2-27) RN AN KRR AT 9 AN R RIS R AR

0< buy *% buy < %ug; (2-25)
0< sell ¢ sell < ?neélx (2-26)
W el < g (2-27)

e PR %) MG M DN WSEH I HEh %, S %) MG 1 DN
T, YA %) MG A DN I JriTh e, sl g2 %) MG [ DN
BT
2.3 THAEREIRER R ERZE TN
N T SR U A S BRIE AT AN T, AR T X Bk L R AR AR A AT

TEHE, SINT KR SR A BER L R s, SR T R, R KR
AR BH 4 55 FRY B ATL AR A5 ok FEL X 38 AT IR B2 o PSR 37 5 20 B T i AR 2 AT g
Rk 3, A3 SO N 52 (RO 3E o 1O Ededt {79 A5 28 A% B it 7 ]
FAE R I B AL 5 AN e VEINE S B E T r DX U SR ) B e 1 A
231 XPRIERERE

A B 2 L 2 R M R R P HE T SR I DGR DR 3 o A B 4 LR PR AR A2 3R
AR AT RO E S 2 RN R, BT RABENLE. T E R
T ARE N, ARSI R A Beta 43Afi. Beta 43 Afis&—Ff
RAEHINEZE AT, B 5 AR -t HR 7 [ 5 X ) P PR B LA B, R 36 8  oR A -

W)=l () T(a-) (2-28)

A o 0 Beta ATRMEUINSE 1 235l SERR AT R A G SR
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& Gamma B
I FIRAERY, AT RLAR RSAS R ES TR]ROBE T K BH 4 B R SRR, 1 RO
R Dh 3 JERR BRI TR py AT AR IR
pv = €0S( ) v v vp (2-29)
A ORI AT 0l AR Tt RS AR R BRI K B R 2 B K
RSB BCR RS B KBHAR S AR BH NG A
232 RURFIX 14 BB H TR EE
RS . X RGE S IR S50 Weibull 7347, HAERBIA 0 RIR N
(., )={_(_) e/ =0 (2-30)
0 <0
A FOREWNRE;  FRBIRSE:  RRHHIZSE
A3 31 R B ME 2R 73 A1 Ja AT DARE — 28 v SR XL 4t DD . UL I B o D 22
WT RN N :

0, <
=]+ + . =< 231
=i T = (-31)
0, >

A o o AR REG W AXBUWATEDIR: . A 4
A RALEIVIN . D) H R E KGR
233 HREMSHIR

N R ERG AR A R R R, SRR T RS RS (LHS) kT
WA, B R Kantorovich B 25 (137 StHIRCT 84T 3 S B89 . LHS
W FE AL RGN SR, FIRFEAR AR MM Z . Kantorovich
FEBSEIN ) T S S i 2 e, DA H R AR I 5
2.33.1 NTBIMAMEEIARER

FERCER AR A I FH s T RN T S REIRDT, 3 AR R s T AR REVR 1
Gifif T SRAH TR, — N B EH G TRER— N5, XA Y
HLIE AT R 23, LHS HlFE i BT AN NS Ty [ 2 SR X ), 45 7€
FAZEN, MAXEAER MRS, FEA AT RRE S, ATl
FERARR R Z R

i LHS £ iitnngE ={ 1 2., b AR AR FAREIR
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MUK PR 98 . A MARE FVEEgRID N SR XE, A X
WA — MR A
=+ ()= (2-32)
X 2 MMAZREES MR RREA S, RAE0, 1]XIE A EENL
A R R VI a5, RENS7E o BE )2 AN E It S R, T A A R R A
WIBAT 7 SRR T BAFIC N B L, ST 5 70 A HIREAS 5 e 4 BB 37 S SE PRy
B S, WOE, SCHBREZESEUE AL R, B0k 1A RN S BERT S 20 A
W, BB B SEBR BB AT 261, LHS A 37 5 A8 R Xt 4l v 9 o AR
Wk, )a AU BEST T I SE ) Bl
2.3.3.2 #[E Kantorovich FE BRI R IR A
TR AR B R, W1a6 37 SEBCR AR B S 2 PR o, DR 637 5 RE RS B
TR R B R T AR, A SRR B S AR LR 73, Kantorovich
PR A T E MR AR Z R, W T T SRR, AP IR
B2 A IR U B R s S brva [, IRYE R G IR AR 1L, A
FSCHE L () 3 S5 Bdls o RBCHT LHS A2 s XU Zh R B S 5808 N, 480805 1)
B n. WEEANER( . )M Kantorovich 5% (, ), 1 Kantorovich
PR N
Co)=( (.= )Y (2-33)
A (0 )RER Mys ZRNESERE; M RERE NZgR
Mbse KR,
w5 MR E , IFHHE Kantorovich B B 537 A 1) e
.
.= () (2-34)
A (O, )REER MR ZRRINBGER: RESR .
MR R EE L EBRR, FAINAUR & /N7 S AT IR, (RIS B ek
D SO R S RO 0 A . R EIROP IR, HRTARTUE K 58E n.
AR —HEAA ARV 5, X L8 57 BE 08 BT 3 S W S5 46 3 s AR 3R 73
Ao 183d Kantorovich R 8 7 SN TV, 7T LUA R0db g scfics:, A OrR4
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AR5 SR v R e A T S
24 KEING

ASEE VLR D3R T o IO ) 45 B A U A OB, A FR R A AT 4
BT HER . W TOGHL. XUHL. CHP HLALLL £ e B S5 4t 44 R J% JL3E 47
Lo I 0 A R P XSO 25 A 2 R S M, ISR AT 7
VBN TR 3 5, REANIZ SR — 5 IR o RTINS SR P T 57 il
FEFHEAT S 5 B, T35 % £ Kantorovich BB BS 1147 5% B /7 V3847 3 10,
UL o R 70 8 e TS P o K 90 019 J A0 P X A 8 B 4
T R AR
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% 3 & E Tt NSGA-IIT BAMME M Z B A ILEIT

TR i AT B P LA T B0 22 5, RSN R] SR 55 Rt d KA R D B
ANE MG, AR RRIRM T S IR T T R SR B IR, A A R 2
B ZEPR, OF 2 Histid, FTHAERIEAH T EMN T RMBHEBMHE, £
Be AT RO N S BU H I E RBOS AT, AT I G 2 R S A ] R

AREHEH I SOE 2 BARAGIZ AT 5%, RO R R A ) 2 H AR AL
W, 454 % BHAh PR AL (MOPSO) 588 = AR ST Fe Hi it 4% 53
(NSGA-IID FIRHE, 2 75 2 AL S5 4R TH I Sl B2 S5 Al i 2 Ak, ot
WAL AL B2 (3 S A AR LR S meS , J5 SO0 MOPSO AT NSGA-TIT ) J5UEE,  piad siemes LA
AL P R B2 e (0 R 3R AT 0 4, S8 I 7 B SRR B0 I O VA RIS AT AME, [
IS Vit FLAE S B N IR PRV R A 35
3.1 ZERRHEENE

%2 BRI SRR REAE T [R] N SO0 2 M7 AE ph R (0 H bR R 2, X 26 R HOvfE
CAFII IR B, PR AL BRAR AR N B, B A il R AR p o — B AR
17 25 E B ARAK 1) 5 A R A E S O AR R 2L, X SR AE 2 AN B AR 2 81T B A 2
Ji% Pareto HifY, £2 HARIUAG T L, $R 23 SR I 1 ORAAE 00 22 FE A0 A 1
XL ML OAES

Z H b Bk 5 NSGA2, MOPSO, SPEA2 1 MOEA/D %5, NSGA2 %
A B PR AR SCRCHE R S5 T B, B 2 AR S S RS TR BF . MOPSO
B, KL R EME 505 B = HES A AR T 4R I REAT, SPEA2 BLIL4ES4h
A R ARAZAESCRCARDS, R Z FEE RS IR, MOEA/D HEHE 2 H br il i
IR BB BRI R, MR SRR T . 2 B AU SEAE T M AL
R 2 A BARRIN AL, ARBAT A B M, TS5 LB, ) 14 RS
MR T, XS ERAE MR 2 (4 R A SR, AR A IZ AT S ikt 3k
s, (582 BARRA I, 2 RAEL AT B R B B /0 A i )
TR, WMEMRZG, RS EEIT MRS,

16



8 W YN T e VAT

3.2 MOPSO ®3%

B SE3: (Particle Swarm Optimization, PSO) J& —Fh 3 T HEARE GE1
PSR, R BORYE TR S 7E T 4R & A 247 v PSO Fikisid w)ia
W —BEBEHL A R T, RERL AR — N FE AR, RT3 24 A vl i R ER
MEALE (pbest) M RLALE (gbest) KIFBACHHEESME, M
ME A E T . R REE 56 B AT

= 4+ g% gx(pbest — )+ ,x ,x(gbest — ) (3-1)

= + (3-2)

A A 2 LT I B AN pbest AT gbest 73 il AR ML T A i £ 2

Hy A AR A TR T IR B ) 2 R B U 1, 2R AE[0, 1RSI A B D BEHL
H ey Mlcy &7 ST A7

et TR SRS

T EERRE#E

v

EFMEEE Pbest BLEFAEME Gbest

Iy

EfE M TRUEEE

FIHTETREN SR mEEaE
BHENSEERERIRE T=T+

HE

3-1 PSO SLLIR R AE K
PSO FLEBIL T 5 5 S . 42 R A% R B /0 mSE 0 AL, 7250 H AR IUAL 1) 45
BT NH. R, BEEZ BRI H 222, ARG PSO Sk HELL
HEMAHTZ Bisg. Ak, OTREIRE T 2 Bk TR 5L, % PSO
FY )2 BRI .
MOPSO F% M i 5 B fU7E - RO 22 H AR R AU ¢ &8, dld 51
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ARSCECHR LA, FIRPRL TR P AR 5 EAT 20 SR AR EE, TR S 4 i A AR S
Fofse. X 1hiv i, AFEAERLT jAENTE BAs EAAE TR £ I, R @ §ouk
SCHCH), 8 XA T7 B A K i Pareto BT, fE2 HARIUH, &R TS =HLH]
B T TR RS (1 )7 35 AE MOPSO Sk, SE b 7 MG N VPl 3G M
JESC LR SR IE N, ARE A 2 8] B ARE 5 0 AT B, AERF AP 2 A
I, RS R SR I R /D, S5 S v SR B ] Bl QR P PR
PHERL ISR EZ i, RiRES S A B ORFF . F K 3-2 /& MOPSO H% i
FEHE ] :

THE

el ER SRS

¥

T=1

Le

Y
T EENEHEE

!

B RS M FECAY pbest

v
HEEERES

¥

REEEEEE rank =1H1ES&=
iTEH gbast

14

R RT, BET T +1idzl
E T A= 1) G 33

v

S SERREHRE T=T+

LR TREAHIE

5

Kl 3-2 MOPSO HiLRARHE K]
3.3 NSGA-II&E %
Z HIRAL ) e TR . ARG 555 2 U 2 A7 A, IR
EBEMHEMRE) EFRR A, 7AW R LR AT AT N R E) % B AT
& A IR TE, REAR B AR ECE R = AN E, B ARSI 4ER0E N4 NSGA-TI
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BT RN R R . NSGA-II FVEAE 2 HARUACSUSIAS 1) 2 M, (BAE & 4k
H A5 0] b 2 5 AN 58 A PERE, 9 RIRT X 810 8, NSGA-IIEEZ 214 J7 HE)E
NS T AP, NSGA-TIE YL H Deb Al Jain T 2014 821, B EMR =ANE0E
Z B2 B IR R 12 05 0% 0 AR Rl il 5] A2 % i (Reference
Points) F1Z#% J5[H] (Reference Directions) 5| FHEEMIHELL, MIfI7E Pareto
HIVE B35 o A fid

NSGA-II HiZ Mt F NSGA il NSGA-II Hik5I N T — M) A 1555 14
FIF-Fa SRR, DRIFANEER 2 BRI . 255 5T B R i B ] AR
P B AR BN/ B G N e, A TR AR E .

®
SN EABEIRETES
L SR EES
© ]
® @ @
o — © ® ®
@ e e ® ®

B 3-3 % 40

PAl—ANZHAREEA ], X822 i sibr BAF R PRI &) A e — AN S50 = A
TP E, X ANl = A = AN T S AR RR 2 531 09(1,0,0),(0,1,0),(0,0,1), ]
XS GRS N 3-3 fros, Hdh BRI 15 AN E RS

NSGA-III FERF 7 — Rl (03— 7572, B BRAR s AN AR R 0K H A2 )
WIS B AL S T A, SRS TR MA S RaE IS 2% R KR RS, AR YRR By AT
22 JSNA BT B AT 1B 3%, JXRE AT LA G H b 2 8] 1) RUBE 22 S AR 51 43 AT IR R
1 o

f£ NSGA-II i Fd B, AMUFEE T AR AE SS9, 8% 8 T A
IS RS, RIAMA S 228 55 (W PR B AN S35 s (AR5 5 SRR Tl DUSE f
SRR (0 22 BEVEADUS SO, ] I T DR G dod B S Rl 2 s RE el H bR . G
3-4 SN NSGA-II FHikiRAEHE R
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el
Le
SRS —UE? EEHERF
ELEL, Gen =2 BHE, %R BER —
v
RESTHEH

Gen = Gen +1

|l
=
SRR PHESER AR
= !

EE wE. =R BFEEEHE

Gen > EAMA7

EERE I ElR R
G pareto &

& 3-4 NSGA-III HIE M ARHE &

3.4 NSGA-III it Ek

NSGA-III5 MOPSO 5% 9% HFRUAL T . NSGA-TIILHAE T Hal it
AESURAS e id 72, SEDL T BB A R s ), A RGE R T R E N, A
YA SACER FE R e 18 . MY L, MOPSO ik AR B BN R i e e, (A B
ST S5 P TR

N T EEG PR ENE R I IR H A, REC T — R s . H %k
7E MOPSO Sk 5 N 7 3 B FE S AL o 35X — B e 1 B A& B R, K
YR FIEAR 2 (R P 0 AT B, A RO gERe T MBI 2R, D TR T REE R
OISR REILR, TG | RS
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SRV 1t — DA 0 JE 1K) MOPSO 45 SRAE R 4> NSGA-IIIKAIAFIHE « 1IXHF
AT LAY fREF MOPSO f#4E 2 FEMERI RIS, N NSGA-TIHR AL 5 T 4R R =S 1],
LR A B E AN o [ B4 5] N MOPSO 45 5, A LATE I 3Tk Se B} A 2 1]
I ZRER, G T 1550 NSGA-TIIEVETEY AT RE AN R s AL 1 i # . F7E
EFEA R NSGA-IIFE MR AT IR ANAZYE, SEILSE A1) J i 2R

Ak, MOPSO S i PR IR W SICRE P A8 15 5 ik SVETE WA R T R 1) — 4
AR, TP T HE AR S U SIOE P o T NSGA-ILEE 195 2% s flL AN
WE TR TR 2RI, % TR REIE, 13541 Pareto HIVAH
¥ E 43 A5 . JEIL IR A ] MOPSO Ml NSGA-TIA %, st Bkl b 1 %916
FOEEBEALME R, $Eim 7 Sk SRR e M o TR A IR SLIA TR —Ff
AT A THI PR SRS, P DASE A RO R A v S0 0R, DR DRk i X 453 1) 22 H e
PRACKERR, HES)REVRE EL 00 BIRTRIERAL, o

PR /& NSGA-IISuH S i B AR Az

SR WG WIARARE T I 00 7 B AN BB ML, A (7 o5 A 2 8] 1Y)
Iz X3 8 MOPSO F1 NSGA-IIE VLM FREFUSL . R ARm Rk, %3]
FF. ZXE, BREE,

AYR 2. BRSNS SR IE MR, T SRR
FARHFRERS o GINGES BEFL MU, THE AR T G S B A, IR REL
TRV o MR S B S R R G R, SRR R AL E . RGN T
B EMNEILE RTEPE, HIERTRERRE. R RERE, 2
BRI HE P J5 1 Al SR A

= 2 (3-3)

A BN FIENEILEE,  RRT M R, R R T
o, REESH

SR 3 AR LIEE F L. 4 MOPSO 13 2 13 SCACAFE A NSGA-TIHI4E Fh
B — 305, SBENLAERIOYIER RS o S S AT AT IR RO HE TR
BRI PEAL . BRI ERAE . PR AR NSGA-INEA P IR, HAA|foKi%
RRHL 7E NSGA-IIEFIEAE G, 1R Z ) Pareto SALMLE .

K
W
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HRIBRAIIRIEE. SEATIRRMGTT
AOTRNAIERADIA PR 25

v

MOPSOEE: IHHESMIFAIRBERNE <

|

ISR EHRE, TEEMTFIENEREE

v

EFTH PRI EFEE

ERREIEEIEFG?

NSGA-IIHAT: EMMOPSOBZIRYLE EFKEH
FEERFRES YEINSGA-INEERIWIIATIEE

v

PITIRIGIRIE, EFUMEQ .
SFHPTIQIFMEIM, HTIEREHF

v

BFEITE
R AP, RIEPHISRESES

B 3-5 NSGA-IIT e itk sk

3.5 E ML B R AR

TR A Sy — P R & B R o A R IR R4, FEIARRE UR X 2% rh R #4555 8K
KB EEER . HARNBIT AR RBIRAMAETE . AT SRR AL,
BT EEPR IR RS0 Al RESLR R LA TR . I, M3 — MR H L B
(IR A T AR Kot Tk P IO ) o RO B 2 0K FL L o AR TR VAT B R B R I 2 H A
BRI BRI B DA SRR L ) 29 SR 26 A
3.5.1 AL B#R

T M RAIZAT o, 2 A B AR A SO E A 5 LA BRI B AR
ol i e 70 TR R DA R S e AR A B R TBCR B /N AAK B R - 3K 28 H AR A A
Er VTR ER, [RII T PR AN AR At DL EE B, DAMIAE 2 MRIE 2R I8 F)
IBATVHT, HAR LA TERXAR I R N HES) RGE RN, ST )
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AIBAH T8 T ) SR o

HFr 1: 847 AR

TSR BB AT A R A B A G M B b, AR R R R RIS AT AR
AR BRBHAR Ch 5K L R (58 B RRAS o I8 AT A 1 B0 /M A Bl BBl HR X 1)
BENHE, ReHasrEd . BEH BT
oSO ne, *our fel )t erid ] (3-4)
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