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Simulation Optimization of Airport Baggage Import System Based on Multi-
objective Wolf Pack Algorithm

Abstract

Abstract: Aiming at the problems of long waiting time for passenger baggage import and high system
energy consumption during the operation of the baggage import system in civil aviation airports, a
simulation optimization framework for solving this problem is proposed by comprehensively considering
the influence of key control parameters on the operation efficiency of the baggage import system in
airports, including the virtual window control mode, the operation speed of the collection belt conveyor,
the length of the virtual window and the number of check-in counters opened at the same time. By
analyzing the actual operating conditions of the airport baggage import system, a parametric simulation
optimization model is established. To minimize the average waiting time for passenger baggage import
and system energy consumption, combined with the actual constraints in the process of system design
and operation, a mathematical model of the problem is established, and a multi-objective adaptive parallel
wolf pack algorithm is designed to solve it. Aiming at the characteristics of the proposed problem and the
shortcomings of the classical wolf pack algorithm, such as easy falling into the local optimum and
slowing convergence speed, the algorithm proposes a single chain coding method of mixed integer and
real numbers, which combines the opposition-based learning strategy to generate the initial population,
introduces the adaptive walk probability mechanism and the parallel mechanism of intelligent behavior,
adopts the local and global adaptive neighborhood search and heuristic optimization strategy to realize
the intelligent behavior search of the wolf pack algorithm, and employs Pareto non-dominated sorting
method for optimization iteration and obtains the optimal solution set. Taking the baggage import system
of a large international aviation hub airport in China as an example, the comparative experiments of
different scales and algorithms are designed to verify the effectiveness and superiority of the method
proposed.
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optimization model is established. To minimize the average waiting time for passenger baggage import
and system energy consumption, combined with the actual constraints in the process of system design and
operation, a mathematical model of the problem is established, and a multi-objective adaptive parallel
wolf pack algorithm is designed to solve it. Aiming at the characteristics of the proposed problem and the
shortcomings of the classical wolf pack algorithm, such as easy falling into the local optimum and
slowing convergence speed, the algorithm proposes a single chain coding method of mixed integer and
real numbers, which combines the opposition-based learning strategy to generate the initial population,
introduces the adaptive walk probability mechanism and the parallel mechanism of intelligent behavior,
adopts the local and global adaptive neighborhood search and heuristic optimization strategy to realize
the intelligent behavior search of the wolf pack algorithm, and employs Pareto non-dominated sorting
method for optimization iteration and obtains the optimal solution set. Taking the baggage import system
of a large international aviation hub airport in China as an example, the comparative experiments of
different scales and algorithms are designed to verify the effectiveness and superiority of the method
proposed.

Keywords: airport baggage import system; key control parameters; simulation optimization; multi-

objective adaptive parallel wolf pack algorithm; Pareto non-dominated sorting method

0 B|= NG HRALE) A, $2 H — P GA-RBF-PID(genetic
algorithms-radical basis function-proportion integral
PUIZATE I AN RGHAE NI IT BB R G

differential) 3% il 52 & -4 H N H 2472 2 A ML,
KUEEESE = TATZESAKE . WL B e LUE
H VWA B0 TAT TN RGRIB AT R

N, AF T ENLAR G0 v 2 IR AU AL
K, HEZEFIEEILR G R EATIE 1

iR 25 47 2 42 HEAE e RN N 2 Wi iy s il
ARRMATERANRGE, WL EENL RS AT
B PR R G RAR I AT ROR, IRTHR AT AL,
PRI IZ B A . Bk, #XHMTESFARSN
etk A B2 B4R T SO TAZ R A 18
HAr, BN LI T 240 B R S 7T
BAEREAGREBEGIAE" ZRHET R
Bt I . B HLIAAT 2 R BB AT AR BT
o, SCHR[SIFR H T — it S i 47 25 R R A B A &
2 T BT B RN 30 B T DR R B AT 25 BR AT R
RIS, DLk — DR THAT B B . XL
TEIANRGHH T, SCHR[6-8 0 17 2= Ab 3 %
G T R, RIREEIRGITEEANZI
gy IR LA A IE ML B IAT 2= 0 I 2 50 45
HREMMTERAT RS, sHEMIEFIE
(virtual window algorithm, VWAL ik %17 1A
ROEN o SCHR[9TET % ik 2547 4= vHEAff b A 38 7 3

K, ARREXZAUE VWA BRI A D . R
BEAE AT R R G A A, S
RR[1OTET5XT B i JH H 370 5 2 Gt P AP LT 45
AL D IHRCRAREE I, R T VWAL, Jf
W H BRI R VSRR R . SCHR[1-
131K VWA 50570 3 B B A 78 B4 50 A I
ITEAHRE RS, UREHIERCR. LiRX VWA
S AT TR L = A rp R R AT B A B
N HERGMYR T OE T HER G FXHTE
AP A g AT 2R AR SR I A LS AR AR T,
RLZETIA VWA FIEAEREATERARG T
B2 AN St A TR AT 2R AR A U s
PURERE TR, X RE M 1% 0 RE A2 AT 2R 10 9% i 42 )
SR .

L5 LPTIR, ATZEACBE R GERIBE U B AT 2
ARGV TR, FIRATSR ARG RS
2 B AR AL IR BF FE R 3R THAT 2 I PR

http: // www.china-simulation.com

* 1656 ¢

https://dc-china-simulation.researchcommons.org/journal/vol36/iss7/13
DOI: 10.16182/j.issn1004731x.joss.23-0437



Tao et al.: Simulation Optimization of Airport Baggage Import System Based on

236 555 7
2024 %7 H

BN EER R L. B, ASCULEEREFENL AR
AT RN BN AN ITE ARG
WA R, JEE AT A B R G s briz 4T TOLH)
WAWTIT, RIEATES ARG L IRBITH, &
SESHAAT EARAARE T . P& RGP LI N A
[l 2 H G AT 2 RN R GUBAT BRI
KA AZ ] 2 B AT 2R AR A i
HLEI P BI85 I TR AT R GEREAE N 2 HARBR L, &5
G RGBT AT RE T KPR LR KA, AL
R AR, e A AR AEZE, (A
I 32 22 H b B 38 AT R S 1% ] AT
R o

1 AERR

IR AEN TAENE & IpBAT B FRis T, 172
ZARE . XOtRMEREE, IR @A
ealr AL, HACR 5 ML m L ik
fetr MR LIS AT HRE L R SO0 & K B S [R] I T
AENUIE & B S5 R I S BRI . B,
ARG EFRBU L 4MCREHSIXNITER
ANRGISATRER NI

1.1 AR

AR SRR AR N R B D AR,
RO EIL AT E ARG @
FIA iR 2 AT 28 B AT AR W — P A ity s
WL, TEHEATE; QOBMT R ARG IEFIEIT,
TS I SR L @A IREIT YRR
T Fisfm Rk TAT SR E R IE, A58
FAT R BT SER ARG EEEL: O—1
LI WIN, 7B RS T W& RS
HRFEAAE: @ITFFARRNRFABITAEIE
iz S ERINER s AR

1.2 A

1.2.1 HAREH
FEITEFARGLERBEERNFILT, =

M3LE, 55 BT 2 B EEAIIAT B R ARG B RALHT T

Vol. 36 No. 7
Jul. 2024

E PR IX B BRI, O DR R AT 2 A P R G B A
WIS TR A EEE L. Bk, AR CAEXATH
FARGERAT O AR, DL/ MEATZEE AR
Gt A IE ML 2 S R I TR AL B ARz —
RoxN

] ET”‘,
T= minzk‘:; ! (1)
i=1 i

A R0 RN TR E R & 208 O ENL
GRS, ie{l,2, 1} x NENMEE i BRI
HILIE AT B HE: K AENE G BT 25
T k{2 x s Ty NENUEG i 5k AT
ZRE NS U ALK S5 5 I 1)

B AT 2 — B LUK RN LI AT AL B R G I 5K
b5, B — Al P 2 A5 A I A) W] BE 22 i R Gt
REFEIG K. I8 AR . I A SO i ME R
GEREFEIE S — AL AR, FoRm

l n
E=min E(Eci+Eai+EZi)+ ZE/ (2)
i=1 Jj=1

Xl E . E ME, 5 HIAEHUE G i 6 BLIFFR 5
i AL X2k s LR N U
BN RERE: n oI AL S G EG joN
e AN S, (L2, ny E NI
&L 1 BE
1.2.2 A%

M AT TR ZARE AL ) 2 RS AE

(1) B RS Re 1200

N<1 3)
N.<1 )
N,<1 (5)
N,<1 (6)

KH: N Neo NN, 25O EHUE & FRE
AN Xt 2 2 HLATE A AU is
HURT AL Al 55 AT 2 80, RIMENLAE & . FREHY
AN Xt 2 2 HLATE A AU mis
WL 93) AT [R] I Al 55— AT 2

http: // www.china-simulation.com

* 1657

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 7, Art. 13

H36 B T
2024 %7 H

(2) 15 EACAL S I 8] 2

T, >T.. )
T < Teng 8)
e T M T NARG T HALIS N E — T M
e Ja — AT BIE R A T, A T, e 0 J AL
SEIG BT aR I (B AN G5 A A], B R GErh FR RIS 0
B AT R R R m — AT 2R A B R 3 KT
A7 LS B T AR I TR) A0 /N T 07 LS8 0 45 TR (1]

(3) REAUMIL B e 55 207K -

W,=W, 9)
Ny#0 (10)
N'<1 (11)

S W, R W AT A k, SR B N R O
TG ERLE ;. Ny N RG2S L&
UL N AR IR 5 1T R
A — A AL T 2 2 W] R RN — R 4T 2 BAT
8 ST 9 M UL 55 T P 46 L0 AR
fiL, RV B (AT 25— o B i B R

(4) Btk BHOH AR

RGN AR

Journal of System Simulation

Vol. 36 No. 7
Jul. 2024

My, 41,2, ---,m} (18)
X N RS FER IR ENE S 8E
Noins N AV SEBR SO VFTF T B/ S5 RABE L
EAHE: vio v v, My, 20 5l R ki
Wl FRE A EENL . X6 ek Gk LA
N RFIENLIZ AT L s Vi Vg™ Vinines Vi
Viins Vawsas Vining P Voo 73 AHLIZAT 2 RN R GESE
bR Ya I A S VR AR AT SUA AL AR E AT L
FOENL . Xzl AR LA N ARk AL
Wi/ RBITEE: Ly VEUMMEKE,
Lowws Lo WA D KK Myl
REAORL B 420 07 s m 9 MU B 2 1 77 AT i
ARG IS T EE . RIRI B TSR E AR & 2
JE AU B (1 Az i) 7 20, B Rl B oy Uik
Ml FRE T EE ML X2y gL
ity S IR WL 38 47 3 B2 3 ) A5 & AL 3 1Y) S bR
Wit
1.3 REEHIZH

LANIBAITZER ARG R B LT

NminSNiSNmax (12)
Do <V <V (13)  SEAFRGEMIE AT MR B R o 5 A L 5 )
Viine VoSV (14)  KBMTERBAGRSATRE, MPmiTrss
vminasvasvmaxa (15) Agg}f@ﬁf&ﬁ%ﬁ@%%}%%”%iﬁﬂﬂ@Tu%l)_lu?jf’%%u
vminzsvzgvmaxz (16) jjﬁ\ q&%%ﬁiﬁ%*ﬂﬁﬁfﬁg\ @Tﬂ%ﬂ@ﬁg
Loinw S Ly S Ly (A7) RIFIRTFRAENLE & HoE A AR
BATH Y,
PEVIENE | l By R )
I MR == S i A R
VRV | L LA o 1 | T e A T
REP = A TS
il |, XL Sk
# My el
> Ak A AR AL
[ 1 2| [3 4 [N-3 N-2| [N N> bl &

K1 MIairESARS
Fig. 1 Airport baggage import system

http: // www.china-simulation.com

* 1658 ¢

https://dc-china-simulation.researchcommons.org/journal/vol36/iss7/13
DOI: 10.16182/j.issn1004731x.joss.23-0437



Tao et al.: Simulation Optimization of Airport Baggage Import System Based on

236 555 7
2024 %7 H

(1) RERAL T #1052y,

HE UL B HA RIDR AT 2= BE N i Wi a7 2
AN REAOMEL S 73 S X1, A3 X (8]
ERE-NEMRE, AREETEEANAAE
fr 8, AT A AR ELRE R, (R I 4R s 4 ) 1Y
FRUETEAUERYE. H T, Window K S B 125 il 5
AR FE] A A5 R oy P4 i R G0 N BRI A R
WML E AR . Window REUANL i 12 il BRIV AE $LLAL
TR/ AN, RSO B 2 18] ¥ 18] B AR ]
ANTR) B R AR B 2 8 O 2ORE LR R AT 2RSS
RpISTa] o

Window K fULAL T 12 5 A PR L Rl DAL 7 42
Jr AT, R UL B O A I AT R AR RO A
RAUT R E T FIEN, ESEhr TR H]
t, HAEVEE L, G, FR, A0
WHFLRINL AT 2 SN R G S PR T 0 2 1%
WM& )77 e B, A SCHE L &2 3=
A L% ] Window JEIUML = HIHIAR, IR izsiAR
SR O 3 R LA AR T S

IDIE=PE AN W EeyI W N S k2 PEN P
FITAE S 1145 S S i KB UL L B 4 ) 2, f R DL
T P ) A% IR e RSB AR 55 RN, AR et A 1% 1
GRS, 1% L& A2
N oAt 3 AR AT AT 28 o 22 ) B TBUIE ATUAE 65 4K
BN, Z8EH 7 TR T A EUE & K
I S BB AL A, (HSENUE & AT AT
AR5 AR I ] 5 120 65 FHAJL B 22 ) 4 R BE B AH O

2) BRAE AN A S S SR E R AL
A8 H 5 i B R AN AT B A S 0 A BE AL UL
MUET, 25 BEALRE S B AT 43 52 AN AR A o 1 AT
7o (B TEE AL B BE XS N N, 5 1% 0
HRHE AT 2 CPTEANBENLE AL R, R 45
SE KE AL B T 1) o A5 SRR, R LR BN
RENURE AL E W] 45 S AR A 3 4T 2%
G2 AR 8 R AU B DR RO B e AT 2R A
R SREHUEMME T EENE, HITEE
S B2 RE LR AL T, DA AT 2R 3 AT B R

M3LE, 55 BT 2 B EEAIIAT B R ARG B RALHT T

Vol. 36 No. 7
Jul. 2024

Pl RN T BUENUE & 80 NG, %4
il 77 2T B R AT A (B ALAE & BE9% FR s B B AL
[ B R R AT NP2 55 A I ]

3) T AL G B BRI &, A
7 A IEN LA i AT 2R BRI, B 2 B AL U
WME R, TEETEN, EANG, BITEER
B 2% L BE AL AL - 4 R T BUE N &
B NBCDEE, A 0 T AR AT N
RS AEAFIN []

(2) e AL N IS AT v,

W By A B 38 A7 8 B R R AT 2RV E T
YRR A R GERERE . v PR, (T2 T
FeI TR, RGUAEFER S

(3) WAL EKE Ly,

o UL AL T D K R i A T i) P S A S
IEML b [R FAAE B R AL B . e F AT 250 E
NPYEERRIT ], JD B E IR SR, L, R E
2 8 F A S A I ) S Bk AT AL

(4) [EB FFUENUE & 50E N,

[F] B BB LR & B R AT 28 N 355
Fef A ARG REFE. NBRZ, S{EATFIENT
LRI ISR, RGUACFENG .

2 HEwh

EEXT ARSI IINLIA 1T SN R G0 BARL
), i o G P 2 T 7 ) SR il 2 ) R 47 B
MRALHEZE

ZAESE Ak O AR AL R A Ab B = A
BEYR e 158, WA A HRT BT A5 Y 1) v 4%
ZH RIS TEERAEES ST
A ERAE, IR RE . SRS, KRR
RRE AT AR B AR Y, R AR A g
il 07 AR AT F B BJE, R AL B A
Bt 4 BARA A B B B AT ik VR A
R R LR A, M AT ARER X AT
T AR SR AR S HE AL T R SR IR A
W BEVEL RS, T TR g B I S 5t 45

http: // www.china-simulation.com

* 1659

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 7, Art. 13

36 45 7 M
2024 %7 H

FARMAE S gk st 4T FLIEAC.

[ eiss | [ wrar | [ whas
(199

AR
Wl pem s v |
|

K2 fiEA eSS

Fig. 2 Framework of simulation optimization

FEZAT EARMHESE h, SEEAU AL SR A A S
FITHIE 5 I R ) R e A0 B

AT, AEPD 90 B U0 R e e A 553 RO BE 9
B, ORBESE i B T R SR AR
WL Bt BRI A, EE T %
SEFAEY R L7 R A B O RE R I X
MLIATZZ AN RGO AAC R, 25 RER AR S
BHABIFHIIAT I K& 4 R R BE 55 i, AR
fE it — A 2 H br B & NI AT IR B HVE (multi-
objective adaptive parallel wolf pack algorithm,
MOAPWPAX JLHEAT Kl o 2 5ETR 1 — AR &
L ORI Ty Wl N = N
N B & BRI S R AR . B
8 i A N R AIL A6 R R BE AT DA IR AT LA S5 0 IR A B
R REAT L EAT T
2.1 GRRSAIAERY

SCMAAT 22 5N RGUSAT BRI R B H 25
WIARSC L3Ik, (A gt 50 13 75 2% 18 3 J7 1
TF: OV EAE T RS EAE: OF B &M
(ENIRPEINA R BGROR R S CHITE | Sk SOV ¥ X ]
LSS FTiEFERT ). T DL B4R, SR — R
ERSHUR RIS T, B3 A TR R gAY .

RGN AR

Journal of System Simulation

Vol. 36 No. 7
Jul. 2024

I 11 I 1\ v VI
1 ’27 t,m }|[ vmianVmaxj] [LminWNLmaxW]| [NminNNmax] T E
e R S UL H i

3 4w
Fig.3 Coding mode

B3 Rt & e SRTBLAR R R S0 o 4% 1) 7
X MBI E 177 & ik G SFIBRER
e A MLIZAT L, MY~V ey T
B FMBREREMRE KL, WEHL, o ~Loww
HHUE; SEIVECR R RN BUENUAE & 8=,
BEHUN, N, TUE o PRUPORE A 453 A4 (13 B
FEE @ HAR R AE s B, N T E T E
MOAPWPA 575 TR T2 o %5 R BE oh A2 7
W, RSN 2 NS AL, BN VERIEE
VIB S, 70l 3e7m 2 AN A B bx TR E (3 B B2
B, R B SR 240 % 477 S S50 BTV FE IS [R), PR AR RIS
A A 4%, 2% 2 $I MOAPWPA ik fE % At FE
MRS BB A e — I ANk
SEAAE R, JUHAEEAUSE BRSSO, Sari
5 AP R AMA A 1) 22 R T )N, T IX LS EE A
W EARENEHE LR ELS AT R, BTRAa
R EA AT AR R I 5, SETT K KA A7
i Rk 2% T FE TS (R MEBEAG, R e A ST 51 NG
i 72 DLk G 7E SRR IR AR 72 rh v ax 48 NI
H ArE BB AT B S 0 1k . Bk F
FH A A 0 A TR G A AT AL I, A TERG A
TR R B YIRS AR AR A R AN
W JE 75 J8 B S AR B 5, A R s
FARA A E,  H bRIE R EEAE A AT R o AR
AN AL B AR g DA BUE BRI AT s 25 T AH R A
A, A Bz AR B U E B AR E R A, I
TR HER/RFRMIEIL, HT4FOCH
PRI SHOEAH BSL, AR EEAEE DL 4
FhORBEAE N 28, HAA KRB 2 8 L R AR AE
X RO I S U S R ) —

http: // www.china-simulation.com

* 1660

https://dc-china-simulation.researchcommons.org/journal/vol36/iss7/13
DOI: 10.16182/j.issn1004731x.joss.23-0437



Tao et al.: Simulation Optimization of Airport Baggage Import System Based on

236 555 7
2024 %7 H

2.2 FIUARNEEAE AR

28 JORBESEVER W B RE 02 R PR A
BLOTaR, T BT 2 BRI 9 B A B £ Pareto
T 0 5 T2 A S 2587 T 1 45 SR O R
AR, D, ASCEEREHL T S LS A R
2 5 SR R G E, DABR R 5
A Pareto W AR AT B . R0 IRE A BB BL 7 24 Fk
FO A IR S LA R S E

R,=4,+B,~r, (19)
Reft: p WAMEEAAMAS S A0 B, S BIAAME
I K BT L R IRAE: r, AN (4R
T

V] 4 S 2 ) B R ORI R
A PR R

step 1: ARAEBENL 7R REHTRIEE, IEH08
A9 BT B S AR BE . KA A A
REAHEAE, 4, WHENER— 5046
A e A PSR 8D 994 SR 8 39 b — A
M.

step 2: T BRI B AL [ B B /P
R

step 3¢ HLAERBHIRIIRE R RN B2 9/ f
LI, A A L T A 0 A B
YOBRRIRE. RIS ISR TR EFIAS B RRIE R
REE AT — AMER TR A, 8 52 6 A
HE SR ECOTIERRE: 25 M TR EFIAS H A
B (9% T Tk, R AT P
AL FIRE.

MK | 1 |13 |26 |13 | T, | E

\ 4

RiEAE: |3 |08 |19 |17 | To | E

K4 s> s
Fig. 4 Opposition-based learning strategy
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Fig. 5 Probe wolf walking mechanism
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Fig. 6 Head wolf calling mechanism
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Fig. 7 Fierce wolf sieging mechanism
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Fig. 8 Flowchart of MOAPWPA algorithm
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Fig. 9 Simulation optimization model
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#1 BRBHKT

Table 1 Each parameter level

P KF
1 2 3
y 50 60 70
B 1 2 3
a 0.7 0.8 0.9
a 0.3 0.4 0.5

£2 Ly IEXRAIGD ¥
Table 2 L, (3*) orthogonal table and IGD average

K

HE IGD ¥J1H
y B % %
1 1 1 1 1 1.224
2 1 2 2 2 0.539
3 1 3 3 3 0.695
4 2 1 2 3 0.697
5 2 2 3 1 1.202
6 2 3 1 2 0.500
7 3 1 3 2 0.639
8 3 2 1 3 0.213
9 3 3 2 1 0.150

R 2 K S 1) IGD BME TS S 5
(o R a0 R 3 Fios . T ik, RSO SRR
H ()47 L S 56 MOAPWPA B3 & 2 8044 43 3l e
B Ny=70. p=3. a,=0.8. a,=0.5.
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K3 BSHWNAE

Table 3 Response value of each parameter

ZH 1 2 3 Wz HF
y 0.819  0.800  0.334  0.485 1
B 0.853  0.651  0.448  0.405 2
a, 0.646 0462  0.845  0.383 3
a, 0.859  0.559 0535 0324 4

7 B, XA SRR H ¥ NSGA-TLE 3 H
MOPSO 553 DA [FI R 9 77 28 e i 15 22 S0 ofeif 5
HBHHE . b, NSGA-TH %S $ U vu H
22 Y HR[23]; MOPSO 5%k S B U U 2%
BR[24]. R 4B T4 RS S I 40 € ) RS
HUE .

F4 XHEESHEUE

Table 4 Comparison algorithm parameter values

AL FHEEOUEE  OXER RRER
NSGA-II 70 0.9 0.050 0
MOPSO 70 1.2 0.753 2

3.3 XFELSEIS G

i T NSGA-IF LA MOPSO 545 %2 H il
WL B BT RS, AR SCE HUNSGA-TI
. MOPSO S A1 A ST 2 MOAPWPA 51%
HEAT N LSRG
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FFNRGEARAC BRI PERE, RN L SEER
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5, AN IE N E AT ELEER
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4d. 5d. 6 AT d-ERIEL, Sy kAT 0] B 5K
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£, IS RNES, Hp, 5 dRBSEEE
ZERWK 6 FioR, FFLH]S d MUELSLLE 1) Pareto A
WRERUTE, WE 10 R, KRS AR M
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#5  AFFAE SIS
Table 5 Experimental results of different scales
. NSGA-II MOPSO MOAPWPA
S
IGD SP NS RT/s IGD SP NS RT/s IGD SP NS RT/s
1d 1.649 6.574 13 41.328  0.589 5.406 8 43596  1.148  22.437 15 37.856
2d 0.344 49.942 6 56.256  0.453 16.986 6 58394 0.735 20.134 10 54.234
3d 9.022 27.625 12 71.413  0.000 24.230 5 72981  0.494 47.945 13 68.951
4d  10.725 20.133 83.165 3.815 80.183 5 85.023  3.192 3.639 1 82.025
5d 0.557 54.027 4 95.781 1.648  40.170 6 97.287  0.000 94.398 7 94.765
6d 0.167  125.172 10 108.956  0.193  57.806 5 110.354  1.563 14.848 13 106.986
7d 0.635 62.336 5 120.354  1.138  46.734 7 121.753  0.385  30.303 8 117.523
¥IAE 3.300 49.401 8 82.465 1.119  38.788 6 84.198 1.074 33.386 11 80.334
#6 5 AR R [
Table 6 Optimization results of 5 d scale experiments 10F ! = tg}% -
. A
o NSGA-II MOPSO MOAPWPA
Fr5 8
T/s E/NkW-h) T/s E/(kW-h) T/s E/(kW-h)
1 1.428 335891 1.490 3734.60 1.386 3 488.16 A 6k
2 1470 324387 1.532 3638.24 1.427 3206.15 O
3 1.529 323893 1.534 351556 1.635 3202.06 4r - -
: ! -
4 2028 322780 1.545 3447.12 2.006 3189.28 5 ' :
5 1.593 3408.61 2.097 3153.93 :
6 1.690 3399.60 2.163 3144.97 oF == —— —
7 2.241 314236 NSGA-II MOPSO MOAPWPA
3 800 BT 7 PR S50 IGD {EAR 2k ]
_—.': Il:I/ISOCli)%g Fig. 11 Box-plot of IGD value of 7 scale experiments
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PR L. 256 NS FIRT AP Fa bR,
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R AT Pareto i 5 FE 4. Jim T i 4 1] A ) A
JIT 43 Pareto B i A4 h L BB DU« A ORI 3k
T ALV L 25 iR BE BS ¥ (technique for order
preference by similarity to an ideal solution,
TOPSIS) ™, 2% H ARk J5 13 211 Pareto BT #
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NG rRIE H e LR . ASSCRA3.3 IR 5 d
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LM iR, HPP it Ha R R T froac. R7
e, STALST g il N R L A i 5 I S ER AR AR 2 TR
BRIGPE RS s n, 9 IE B AR 3 A1 Pareto s LA i 22 18] )
FIXSMEITIE 5 MK, 3R B Pareto foe DA ¢ A 1T 2
A2 R, R % Pareto B LR i FE AL
£T W TOPSIS VAT i 545 R

Table 7 Entropy weight TOPSIS method to evaluate
calculation results

e S; S , ELAEH

0.009 7 0.030 1 0.757 0
0.0103 0.029 9 0.744 1
0.0137 0.028 3 0.674 1
0.020 9 0.026 5 0.559°5
0.022 9 0.026 4 0.5352
0.024 4 0.026 3 0.5185
0.026 2 0.026 2 0.500 0
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